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EFFECTS OF THE ALKALOID NICOTINE 0*N THE RHYTH- 
MICITY OF ISOLATED HEART PREPARATIONS FROM 
PERIPLANETA AMERICANA AND PRODENI A ERIDANIA* 

By J. Franklin Yeager, senior entomologist^ and J. B. Gahan, jimior entomologist^ 

Division of Control Investigations, Bureau of Entomology and Plant Quaraniinet 

United States Department of Agriculture 2 

INTRODUCTION 

Tills is a report of experiments performed to detect the effects of 
(lifferent concentrations of nicotine, an alkaloid much used in phar- 
macological studies, upon the contraction rates of isolated insect 
heart preparations immersed in a perfusion fluid of known composition 
and temperature, when the pH values of the fluid, with and without 
dissolved nicotine, fall within the approximate range of 6.8 to 7.8. 
The isolated heart preparations are so called to distinguish them from 
hearts truly isolated from their dorsal body-wall connections. They 
were obtained from large nymphal and imaginal cockroaches {Peri- 
planeta americana L.) and from large larval (fifth and sixth instars) 
southern army worms {Prode/iia eridania Cram.). 

METHOD 

The method used in these experiments is that already described 
{40y and employed (41) to detect the cardiac effects of several thio- 
cyanates. It consists in immersing the dissected cardiac preparation, 
pinned to a wax strip, in air-stirred perfusion fluid in a glass tube held 
in a water bath having glass sides, through which the heart is illumi- 
nated by a strong beam of light. Fresh perfusion fluid from an aspi- 
rator bottle is added by drops to that in contact with the heart prepara- 
tion. Contraction rade is measured with a stop watch or stop clock 
by determining the time required for 10 complete contractions to 
occur and converting to beats per minute. Most of the observed 
points in the illustrative curves represent the average of five such 
determinations. When the effect of nicotine upon cardiac rate is to 
be observed, the wax strip is quickly transferred to a second glass 
tube holding similar air-stirred perfusion fluid in which is dissolved a 
known concentration of nicotine, and measurement of contraction 
rate is continued. This process of applying nicotine to the heart will 
be referred to in this paper as the transfer or strip-transfer procedure. 
In many experiments a second transfer was made from the saline- 

1 Received for publication Mar. 1 , 1937; issued August, 1937 . 

2 The authors are indebted to W. M. Mann,, director of the National Zoological Park, AVashington, I). C., 
for supplying cockroaches; to L, D. Goodhue, of the Division of Insecticide Investigations, Bureau of En- 
tomology and Plant Quarantine, for purifying the nicotine used in these experiments; and to G, E. Sehoen- 
hals, of the Bureau of Plant Industry, and vSaburo Katsura for the translation of Yokoyarna’s article. 

3 Reference is made by number (italic) to Literature Cited, p. 16. 
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nicotine solution back to the original saline perfusion, fluid, after the 
tissues had. been in the nicotine solution from 30 to 60 minutes. 

Another method of applying nicOtine, to be referred to as the 
nicotine-addition procedure, has also been used. , It consists inerelj^ 
in pipetting a knbwii quantity of strong nicotine soh,itioii into a 
known quantity of perfusion fluid about the heart preparation, thus 
appl 3 dng a known final concentration of nicotine to the tissues. In 
this case no .addition of fresh perfusion fluid from the aspirator bottle 
is made. This procedure eliminates the mechanical agitation of the 
heart preparations that results from the transfer procedure, but it 
involves the danger of temporarily applying to the tissues a stronger 
concentration of nicotine than that desired.. To eliminate, or at least 
minimize, this danger, the nicotine was added slowly by drops during 
a period of several minutes. 

The manner of dissecting out the roach heart preparation has already 
been described (40). In these experiments the head of the roach was 
removed from the preparation by section through the neck. To 
dissect out the larval heart preparation, the larva is submerged in a 
dissecting tra^^ of perfusion fluid and fixed, dorsal surface down, to 
the wax bottom of the tray b^^ a pin thrust through the head. The 
posterior end of the body is held in position by grasping one of the 
anal legs with forceps. A longitudinal incision is made with scissors 
through the body wall along the dorsopleural line from the poste- 
rior end to the anterior end of the body just back of the head. The 
lateral margin of the dorsal lip of the incision is spread laterally 
and pinned to the wax. A similar incision is made postero-anteriorly 
along the dorsopleural line of the opposite side, and, after removal of 
the entire ventral body wall (sterna) and the attached ventral nerve 
chain, the posterior dorsal lip is spread laterally and pinned. The 
dorsal body wall (terga) at the anterior end is spread laterally and 
pinned and, when necessary to increase the visibility of the heart 
wall, the middle region is also pinned laterally. The gut is sectioned 
at its phaiyngeal and rectal terminations and is carefully removed 
as its tracheal connections are cut. The anterior end of the prepara- 
tion is sectioned back of the head and the head removed. Care is 
taken to disturb the cardiac mechanism as little as possible during 
the dissection. The cardiac mechanism is thus exposed to view on 
the inside of the dorsal body wall, forming the isolated heart prepa- 
ration. As a rule, in a given experiment a single wax strip held one 
roach heart preparation and one larval heart preparation; the latter 
was usually prepared first, and the regurgitated and excreted materials 
were removed by wasliing with perfusion fluid before the roach dis- 
section was made. 

The perfusion fluid was composed of 9.82 g of sodium chloride, 
0.77 g of potassium chloride, and 0.5 g of calcium chloride per liter 
of solution in distilled water. Tliis is approximately one-eleventh 
Levy^s {26) stock solution minus bicarbonate and phosphate. The 
buffers were eliminated in order that the nicotine salts formed should 
be mainh^ the liydroclilorides. The various concentrations of nicotine 
were prepared by dissolving the purified alkaloid in the saline per- 
fusion fluid and then titrating with 1 N hydrochloric acid or, in the 
case of the Hglier nicotine concentrations, with more concentrated 
acid, until the pH value of the nidotine solution was the same as tluit 
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of the saline solution used for perfusion. The pH values of the saline 
and, nicotine-saline solutions were considered equalized when they 
yielded the same color with universal indicator (British Drug Houses) 
upon being compared in the depressions of a white porcelain spot 
plate. 

The concentrations of nicotine used in this investigation ranged from 
0.0005 to 10.0 percent by volume. Each experiment was carried out 
at constant temperature^ usually at 29.0° C., and at a perfusion fluid 
pH value within the approximate range of 6.8 to 7.8, as measured 
colorinietrically with universal indicator. 

In many of these experiments the contraction rates observed before 
application of nicotine and after transfer of the preparations from the 
saline-nicotine solution to the original saline perfusion fluid can be 
considered to serve as controls. A number of control experiments, 
however, were performed in which no nicotine was used, and the strip 
transfers were made from saline to saline and back to saline again. 
Control experiments were also performed in wliich saline containing 
no nicotine was applied by the addition procedure. 

In most of the experiments contraction rates were measured at 
shorter intervals than the 15-minute periods used heretofore {AO^ j-l)) 
in order to allow detection of initial rate changes of brief duration. 
From 15 to 30 minutes usually elapsed between the beginning of 
dissection and the beginning of perfusion. 

Approximately 200 cardiac preparations have been utilized in these 
experiments. 

RESULTS 

The results described here were obtained by the use of zero (control), 
0.0005-, 0.005-, 0.0125-, 0.022-, 0.025-, 0.043-, 0.044-, 0.050-, 0.086-, 
0.088-, 0.10-, 0.17-, 0.177-, 0.20-, 0.34-, 0.355-, 0.39-, 0.40-, 0.69-, 0.70-, 
0.71-, 0.77-, 1.37-, 1.42-, 1.47-, 2.69-, 2.75-, 2.85-, 5.5-, 5.67-, 5.70-, and 
10.0-percent solutions of nicotine. Unless otherwise specified, the 
following statements refer to these concentrations. 

STIMULATORY EFFECTS 

The stimulatory efl:‘ects of nicotine upon the contraction rates of the 
cockroach and tlxe larval heart preparations have been found to differ. 
In the case of the larval southern armyworm preparation the stimula- 
tory effect was relatively small whether the nicotine was applied by 
the addition (figs. 1 and 2) or the strip-transfer procedure (figs. 3, 
4, and 5). ^ ^ 

Nicotine stimulation of the roach heart preparation, exhibited as an 
initial sudden but temporaiy increase in contraction rate, was observed 
in most of the experiments involving nicotine application by addition 
(fig. 1). When the strip-transfer procedure was used, however, these 
initial changes in contraction rate showed more variation. In general 
it was found that with the highest concentrations no appreciable 
stimulation occurred (fig. 5, (7), that with lower concentrations an 
initial transient stimulation appeared (fig. 4, B, (7) which might be 
partially obscured by the occurrence of a transient depression (figs. 
4, A, and 5, A and i?), and that with -still lower and the lowest concen- 
trations used an initial depression w^s usually obtained (fig. 3, D and 
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F). An initial depression also occurred with zero concentration (con- 
trol expeiiments) when the transfer procedure was employed (fig. 3j 
AB, andC). , . . ..... 

Not only was the cockroach heart stimulated initially by nicotine 
application^ but upon the second ' tz^ansfer back to the original saline 
solution^ even after the heart preparation had remained 30 to. 60 
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FiaiJRE 1. -^Contraction rate-time curves, showing effects of nicotine of various concentrations applied by 
the addition procedure to the perfused isolated heart preparations of Periplvneta amerkwm and Prodenia 
endunm. Each lettered graph represents an experiment with a different concentration of nicotine or a 
piitroL Circles and broken lines represent the roach heart beat and solid dots and lines the larval heart 
beat, lumbers refer to laboratory number assigned to iaseet. Small rectangles show the period during 
which nicotine was being added to the perfusion saline. The pH values indicated are approximate. 

minutes iu one of the higher nicotine concentrations, it was often 
left capable of attaining a rate of contraction liigher than that exhib- 
ited prior to the application of nicotine (figs. 3, F, 4, and 5). In many 
expeiiments (figs. 3, E and F, and 4, A and B), the second transfer 
was followed by an immediate reversible increase in rate, after which 
the higher rate leyel was maintained. In practice, after the second 
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transfer from nicotine to saline solution, the heart preparation was 
subject to the action of a very dilute nicotine solution because of the 
small quantity of the stronger nicotine solufion adhering to the strip 
and attached heart preparation during the transfer. 

Initial stimulation of the larval cardiac rate was less marked and 
of less frequent occurrence than that of the roach heart rate. When 
the strip-transfer procedure was used, the initial stimulafion was usually 
questionable, but wdien the addition procedure was used and deter- 
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Figure 2."--Cantraction rate-tirne curves, showing effects of nicotine of various concentrations applied by 
the addition procedure to the perfused isolated heart preparation of Pmknia eniania. Each lettered 
graph represents an experiment with a different concentration of nicotine. Small rectangles show the 
period during which nicotine was being added to the perfusion saline. Numbers refer to laboratory 
number assigned to insect. The pH values indicated are approximate. 

minations of larval heart rate -were made in rapid succession, a small 
initial increase olrate by the higher nicotine concentrations could be 
detected (fig. 2). In most of these experiments initial stimulation of 
larval heart contraction rate has not been readily detected. 

When roach or larval heart preparation was perfused with saline con- 
taining a low concentration of nicotine, even when initial stimulation 
was not detectable, often the contraction rate trended upward or at- 
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tained la higher leTel and the vigor of contraction a/ppeared somewhat 
increased,, giving the impression that dilute nicotine solutions have 





TIME AFTER BEGINNING OF PERFUSION (MINUTES) 

Figure 3 — Contraction rate-time curves, showing etTeets of nicotine of various concentrations applied by 
the strip-transfer method to the perfused isolated heart preparations o[ Feriplamta americam and Prodenia 
eridania. Circles represent the roach heart beat and solid dots the larval heart beat. Each lettered graph 
represents an experiment with a different concentration of nicotine or a control. Arrows indicate when 
the first transfer was made from saline to nicotine-saline solutions and when the second (reverse) transfer 
was made. Kunibers refer to laboratory number assigned to insect. The pH values indicated are ap- 
proxiniate.- 


a beneficial rather than a detrimental effect upon the cardiac mecha- 
nism^ at least during the period of the experiment. 
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INHIBITORY EFFECTS 

Marked inliibitory effects of nicotine upon the contraction rate of 
the larval heart were detected in the higher concentrations (figs. 2, 
A, and (7, and 5, B and C). In general this inhibition occurred as 
a simple decrease in contraction rate to or toward zero, being more 
rapid and to a lower level the greater the concentration of nicotine 
(figs. 4 and 5), and it appeared subsequent to initial stimulation (figs. 
1, G and H, 2, B, and (7, and 4, C) when such occurred. Lower 
nicotine concentrations either had no obvious depressant effect (figs« 



Figure 4. —Contraction rate-time curves, showing effects of nicotine of various concentrations applied by 
the strip-transfer method to the, perfused isolated heart preparations of Periplaneta a mericana and Pro- 
denia eridmia. Continuation of figure 3. 


3 and 4, A and B) or showed a momentary depression of rate at 
the time of nicotine addition (fig. 2, D, no. 176). In all the transfer 
experiments the inhibitory effects of nicotine on larval heart rate were 
found to be reversible in the sense that some recovery, as evidenced 
by an increase in contraction rate, was observed to follow upon the 
second transfer of heart preparation from nicotine-saline to original 
saline solution (figs. 4, (7, and 5).‘ 
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The contra,-ction rate of the roach heart was inhibited by nicotine at 
considerably lower concentrations than was that of the larval heart 
(figs. 4j and 5, A and B). In general, when both a stimulation 
and a depression of contraction rate were detected in a given experi- 
ment, the depression, as in the larval heart preparation, occurred sub- 
sequent to the initial temporary stimulation, appeared as a more or 
less rapid decrease in rate to or toward the zero level, depending on the 
nicotine concentration used, and was reversible in the sense that some 
degree of recovery followed the transfer from nicotine to original 
saline (figs. 1, G and H, 4, B and C, and 5). 






TIME AFTER BEGINNING OF PERFUSION fWlNUTES) 


Figure 5. Contraetion rate-time curves, showing eiXects of nicotine of various concentrations applied bv 
me strip-transfer method to the perfused isolated heart preparations of Periplaneta amerkana and Pro- 
aenm endania. Continuation of figure 4. 


The initial depression of the roach heart contraction rate observed 
m some of the nicotine concentrations (figs. 3, F, 4, A, and 5, .^4) when 
the strip-transfer procedure was used is not considered to be true 
nicotine depression, since it was also obtained in the control experi- 
ments (fig. 3, A, B, and (J), although its magnitude may have been 
mfluenced by the nicotine. Similar initial depressions have not as a 
rule been obtained by the addition procedure (fig. 1). In certain 
nicotine concentrations marked depressions of rate were frequently 
observed immediately after the second transfer from nicotine to 
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original saline, prior to the higher recovery level that resulted from 
the transfer (fig. 4, A and B). 

EFFECTS ON CARDIAC AMPLITUDE 

In general, in the case of the larval heart, no decrease of cardiac 
amplitude appeared to accompany the inhibitory effects of the higher 
nicotine concentrations. Although a slight increase of amplitude 
was thought to occur, it was not detected with certainty. Whenever 
nicotine was observed to reduce the larval cardiac rate to zero, the 
heart was observed to be in a state of apparent diastolic standstill; 
at no time in these experiments has nicotine been observed to produce 
complete systolic arrest of the larval heart.'^ 

In the case of the roach heart, amplitude effects of quite a different 
order were observed to follow the application of nicotine. In those 
concentrations that gave marked initial stimulation of contraction 
rate, the quickened rhythm was usually accompanied by an obvious 
decrease of amplitude in the direction of incomplete relaxation of the 
cardiac walls, with the result that the rapidly beating heart remained 
more in systole than in diastole. There was also usually some degree 
of cardiac incoordination which gave to the heart walls, as they con- 
tracted, an appearance of writhing or fibrillation. This fibrillation- 
like activity was observed to a less marked extent, and as a more 
transitory effect, in the lower nicotine concentrations, which produced 
only a slight initial acceleration of contraction rate. Whenever 
nicotine reduced the roach heart contraction rate to zero within a 
short time, immediately after cardiac arrest the heart was nearly 
always found to be in a state of systolic standstill, tightly constricted. 
Upon the heart preparation remaining in the nicotine solution, how- 
ever, the cardiac diameter often increased slowdy until the heart was 
neither fully dilated nor fully constricted. Nicotine concentrations 
too low to cause obvious increase of contraction rate or marked altera- 
tions of amplitude seemed, however, to increase the intensity or vigor 
of contraction. 

MISCELLANEOUS OBSERVATIONS 

In these experiments it has been noticed that in general the roach 
heart exhibited somewhat larger and more rapid fluctuations in con- 
traction rate and amplitude than did the larval heart, even before 
the application of nicotine (figs. 3, 4, and 5). 

The contraction rate of the larval heart tended to exceed that of 
the cockroach heart when the preparations were perfused with 
nicotine-free saline; in these experiments the average rate of the 
larval heart was about 58 beats per minute wliile that of the roach 
heart was about 49 beats per minute. The rates, however, varied 
greatly from one insect to another. 

Occasionally a condition of heart block was observed in roach or 
larval heart preparation, more frequently in the latter. The larval 
heart block occurred sometimes after prolonged perfusion and some- 
times with nicotine application. It appeared as one contraction of 
that portion of the heart lying anterior to the gonads occurring at 
each second, third, or higher beat of*that part lying posterior to the 

^ A larval heart preparation placed in 20-pereent nicotine in saline was immediately brought to marked 
apparent diastolic arrest. 
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gonads, especially that portion in the rectal segments. In one or two 
cases the heart block disappeared with cardiac recovery. 

In both the roach and larval heart preparations reversal of the 
direction of cardiac peristalsis was frecpiently observed. Often the 
reversals were periodic and occurred fairh^ rapidly; one roach heart 
exliibited three or four postero-anterior beats, then three or four 
anteroposterior beats, and so on, for about 2 hours of observation. 
Some hearts showed either a postero-anterior or an anteroposterior 
beat throughout a single experiment, without observed reversal. 
Between these two extremes occurred varying degrees of reversal 
peiiodicit}^, whether the hearts were in nicotine solution or not. In 
general, reversals seemed to occur more often in roach than in larval 
preparations. 

That portion of the larval heart lying in the rectal segments usually 
appeared to be bordered by larger laterall}^ lying iiiasses of tissue than 
bordered the more anterior regions of the heart. The lateral tissues 
themselves, in inaii}^ preparations, exhibited vigorous rhythmic move- 
ments, indicating the presence of contained or associated rhythmically 
contracting niiiscle fibers. Sometimes the rhythmic activity appeared 
to be synchronous with the heart contractions, but at other times it 
was definitely asynclnonous. This apparent extracardial rhythin 
often so interfered with the cardiac contractions, even when their rate 
continued unchanged, that contraction rates could not be observed in 
the rectal region but were obtained from the gonadal region. The 
extracardial activity consisted in the laterally lying tissues being so 
pulled away from the centrally located cardiac tube as to seem to 
stretch the latter and interfere with or obscure its contraction. 

In many of these experiments diastolic pauses have been observed, 
usually either during nicotine application or during recovery from 
nicotine. In niany cases apparent irregularities of rate have been 
caused hj occasional diastolic pauses which lowered the average values 
of the contraction rate at various points on the rate-time curves. 
Usually when pauses of the nonnicotinized heart occurred, they were 
diastolic rather than systolic. Systolic pauses were observed fre- 
quently in the strongly nicotinized roach heart, sometimes in the 
iionnicotmized roach heart, but almost never in the larval heart. 

Structures that have a superficial resemblance to tubular vessels 
or channels have been noticed incidentally in the cockroacli heart 
preparations. They extend laterally and at right angles from the 
region of the hemt, especially in the posterior part of the abdomen. 
During the cardiac cycle they were seen to exhibit rhythmic changes 
of diameter synchronously or asynchronously with the heart beat, 
the increase of diameter usually appearing as a more vigorous move- 
ment than the decrease of cliameter. These apparent vessels or 
channels occur in pairs, the members of a pair lying on opposite sides 
of the heart. One member sometimes showed markecl rhythmic 
activity while the other member remained quiescent, though usually 
both were active at the same time; the activity was persistent or 
appeared and disappeared several times in a single experiment. 
Mietlier these structures are closed tubes or merely open channels 
has not been determined in this, investigation, although movement of 
liquid in their apparent interior has been observed to accompany 
their activity. These structures appeared to be the same as the struc- 
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tures described by Alexandre wicz (1) as segmental blood vessels of 
the cockroach heart. 

DISCUSSION 

From the results obtained in these experiments it,is apparent that, 
under the conditions described, the cardiac mechanism of the cock- 
roach is considerably more responsive to the action of nicotine than 
is that of the southern armyworm. The rhythmicity of the latter is 
stimulated either relatively slightly or not at all and is markedly 
depressed only by the higher concentrations of nicotine used, whereas 
the rhythmicity of the roach heart mechanism is stimulated by a 
wider range of nicotine concentrations and is both initially stimulated 
and subsequently depressed by the lower concentrations. The roach 
heart stops in systole and the larval heart stops in partial or complete 
apparent diastole when arrested by nicotine, and in a given nicotine 
concentration cardiac arrest occurs earlier in the roach than in the 
larval heart mechanism. Removal of the preparations back to the 
original saline solution by a second transfer usually results in an 
earlier recovery of activity by the larval heart than by the roach 
heart. The initial rate increase is usually much greater in the roach 
than in the larval heart preparation. The nicotine-stimulated roach 
heart often exhibits a fibrillationlike activity that has not been ob- 
served in the nicotinized larval heart. Both the rate-stimulatory and 
the rate-inhibitory effects are essentially reversible processes within 
the nicotme-conceiitration range employed in these experiments. 

The stimulatory and inhibitory effects of nicotine upon vertebrate 
and invertebrate hearts have been observed by a number of investiga- 
tors. One of the more suggestive investigations, from the present 
standpoint, is that of Carlson (o), who studied the effects of nicotine 
applied separately to the ganglionic and the muscular tissues of the 
Limnlus heart. Bringing into consideration other results reported 
by various authors, he concluded that nicotine affects differently the 
nervous and iniisciilar tissues not only of the Limuhis heart, in which 
anatomical separation of nervous and muscular portions can be 
readih' accomplished, but also of vertebrate and invertebrate hearts 
generally, in which nervous and muscular elements are not so readily 
separable. Carlson found that application of nicotine solutions in 
sea water or plasma to the Limiil/us cardiac ganglia caused a primary 
(initial) stimulation, exhibited as increased contraction intensity, 
contraction rate, or both, followed by irregularities of rhythm, depres-"^’ 
sion, or paralysis, depending on the nicotine concentration used; 
whereas direct application of nicotine solution to the heart muscle had. 
only depressive or inhibitory effects without appreciable associated 
stimulation, relatively dilute nicotine solutions ha\ung no apparent 
effect. Nicotine concentrations too low to affect the cardiac muscle 
directly produced marked stimulation when applied to the ganglia. 
Caiison (6) concluded that the action of nicotine upon the vertebrate 
and the invertebrate heart is primarily upon its in tzinsic ganglionic 
system, and not upon its cardiac muscle or its motor nerve fibers. 
Carlson’s results on Limulus bear a suggestive resemblance to the 
results obtained in the experiments reported in this paper, for the 
effects of applying certain nicotine concentrations to the Limulus 
heart ganglia and to the cockroach • heart prepai'ation are, in both 
cases, stimulation only (relatively low concentrations) or stimulation 
followed by more or less rate irregularity, depression, or paralysis 
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.(relatively liigli concentrations); similarly, application of relatively 
liigii nicotine concentrations to the Limulus heart muscle and to the 
southern arinyworm heart preparation causes depression or paralysis 
associated with relatively slight or no stimulation. That a suflicienth^ 
high coiiceiitratioii of nicotine can produce stimulation of some striated 
cardiac or skeletal muscles is indicated by the reports of several 
investigators (2, 3, 7, 39 ^ 30). The earlier investigations of Langley 
and Dickinson {33) and of Langley (31) on the effects of nicotine solu- 
tions upon autonomic ganglia in the vertebrate indicate that nicotine 
applied to the ganglia acts primarily upon the ganglionic cells, which 
become initially stimulated before the onset of depression. 

The question naturally arises, Are the differences in effect of 
nicotine on cockroach ancl larval heart preparations caused by differ- 
ences ill their intrinsic nervous mechanism? Little research has 
been reported concerning the intrinsic nervous mechanism of the 
insect heart. Alexandrowicz {!) studied histologically the nervous 
mechanism of the cockroach ((Periplaneta) Blatta orientalis L.) heart 
and reported the presence of ganglionic cells in the lateral heart 
nerves (nervi cardiac! laterales). Zawarzin {4^) investigated the 
innervation of the heart of the Aeschna larva and described intrinsic 
iieiwe fibers, but found no intrinsic ganglionic cells. Although 
Dogiel {12) reported the presence of what he considered to be Wag- 
ner’s ^ffiirnformige Korper, oder Nervenzellen” in the cardiac mecha- 
nism of the Corethra larva, he failed to find nerve fibers extending 
from them and presented inconclusive evidence of their nervous 
nature; Walling (37) considered these cells to be nonneural in charac- 
ter. Kuwana (30) found no ganglia and no ganglionic cells in the 
heart of the silkworm {Bombyx mori). Maloeuf {38) failed to detect 
ganglionic cells in the lateral heart nerves of the dragonfly larva {Anax 
junius Drury). Thus the literature that we do have on the subject 
would seem to indicate that the hearts of some insects possess intrinsic 
ganglionic nerve cells wdiereas those of others probably do not.^ 

The effects of nicotine injected into the vertebrate or applied 
to the exposed or perfused vertebrate heart are complicated by the 
possibility of the nicotine’s acting upon the extrinsic sympathetic or 
parasympathetic (vagal) cardioregulatory mechanisms, the intrinsic 
ganglionic cells, postganglionic fibers, or autonomic motor endings, 
the auricular-ventricular bundle (Purkinje fibers), the cardiac muscle 

fibers, or various combinations of these. It is not surprising, there- 
fore, that various authors have obtamed results that are seemingly 
not in accord as regards the cardiac effects of nicotine. It has been 
indicated that nicotine may influence heart action by affecting the 
vagal cardio-inhibitory center {18), the intracardiac ganglia 19), 
the endings of the motor fibers {39, 85), and the cardiac muscles 
(d, d, 29 j 30). A similar complexity is no doubt involved in the effects 
of nicotine on the insect or other invertebrate heart that is controlled 
by extrinsic and intrinsic nervous mechanisms. 

5 It is of incidental interest in this connection that Steiner (55) and Fries (n), applying the method of 
critical thermal-increment analysis, reported indirect evidence that the heart beats of the cockroaches Peri- 
pimuta americana and Blatta orientalis are under neural control. Garrev {15) reached a similar conclusion 
concerning the Limuiiis heart from a study of the temperature coefficients of whole heart and separated 
cardiac ganglia. Crozier and Federighi {11) arrived at a similar conclusion regarding the heart beat of the 
silkworm. Even though the thermal-increment analysis method may yield indirect evidence that the 
respective cardiac activities are under control of nervous tissue, it alone (i. e„ in the absence of additional 
experimental investigation) does not indicate the locus of such neural control. This applies especiall v to the 
experiments of Fries (/4) and Crozier and Federighi {It). Steiner (35), who used additional exper'imenta 
procedures, suggested that the ganglionic cells of the roach's lateral heart nerves constitute the source o 
neural control of its cardiac activity. 
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With these observations in mind, it is obvious that a complete 
explanation of the results reported here is not readily attainable. 
Nevertheless, it seems probable that with further acquisition of knowl- 
edge of the insect heart these results may receive a reasonable explana- 
tion ill one of the following ways: 

(1) The hypothesis can be formed that, although in the cockroach 
heart preparation the applied nicotine acts upon a cardiac mechanism 
possessing intrinsic gangiionic cells, in the larval heart preparation it 
acts on a mechanism lacking ganglionic cells. In accordance with 
this explanation, the nicotine would affect primarily the ganglionic 
cells of the roach heart with initial stimulation and subsequent depres- 
sion and in the larval heart would act primarily upon the intrinsic 
nerve fibers, their motor endings, or the cardiac musculature, all of 
which, in the vertebrate, have been shown (5, d, 21^ 22, 23, 24, 31, 23) 
to be less readily affected, especially in an excitatory manner, by 
nicotine than are ganglionic cells. 

(2) It may be supposed that both heart mechanisms possess intrin- 
sic ganglionic cells but that these cells, the cardiac muscles, and the 
intrinsic nerve fibers and nerve endings have relatively different 
resistances to the action of nicotine. 

These two possible explanations are presented as working hypoth- 
eses, with the view that additional anatomical knowledge regarding 
the existence of intrinsic ganglionic cells in the two cardiac mecha- 
nisms should offer evidence tending to confirm or refute the one or the 
other. 

The effects of nicotine solutions on cardiac amplitude in the roach 
heart preparation are in general accord with those reported by other 
investigators who have used hearts possessing intrinsic ganglionic 
cells. Clerc and Pezzi {10) report that auricular fibrillation and flut- 
ter, as well as other abnormal cardiac phenomena, can be detected 
in the dog heart following the injection of nicotine; the fibrillation is 
attributed {9) to the action of nicotine on vagal innervation. Lev}’ 
{25) observed ventricular fibrillation of the anesthetized cat heart 
subsequent to nicotine injection. Burridge {3) found that perfusion 
of the frog heart with a sufficiently high concentration of nicotine 
caused cardiac contractui’e with loss of relaxation capacity. Barry 
{2) observed increased intensity of contractions, appearance of extra- 
systoles, shortening of the auricular-ventricular interval, and double 
auricular rhythms among the effects produced by nicotine on tl>e, peo;- 
fused frog heart. The investigations of Langley {22) show that nico-^ 
tine contraction and nicotine contracture‘s are producible in muscle 
fibers (skeletal), and that the mgions of the neural endings are more 
sensitive to the drug than are the nonneural regions. Although the 
investigations of these and other authors indicate that nicotine can 
increase the degree of skeletal and cardiac muscular contraction either 
by direct action on the muscle fibers or by indirect action via their 
nerve supply, or both, the mode of action ot nicotine in producing the 
fibrillatioiflike activh^ and systolic arrest of the roach heart is not 
known. It is probable that both an indhect neural and a dhect mus- 
cular action occur as the concentration of nicotine in the cardiac tis- 


® “Contracture” is a poorly defined term for an ineorilplete, reversible, nonpropagated mechanical short- 
ening of muscle not necessarily accompanied by the progagated action current typical of contraction. “Con 
traction'-’ refers to the usual twitch and tetanus type or muscular response, well known in muscle physiol- 
ogy. Often contracture is used with the meaning of prolonged shortening. 



14 


Journal of Agricultural Research 


Vol. 55, no. 1 


#* ^ 

sues is built up, and that the final systolic arrest of the roach heart 
indicates a direct action of nicotine on the cardiac muscle fibers. 

The role of the alary muscles in the insect cardiac cycle and in the 
cardiac effects of nicotine is not clearly understood. Siiggestions have 
been made thahUlie alary muscles actively participate in diastole 
{88^ pp. 4-o8, 480) and that they more or less passively affect the dila- 
tion of the heart by slight changes in tension ( 44 ) ■ Mechanically, 
insofar as the alary and cardiac muscle tensions are concerned, the 
insect heart, arrested by nicotine or any other cause, should stop in 
systole or diastole depending, respectively, upon the less or greater 
tension of the alary than of the cardiac muscle fibers at the time of 
cardiac standstill. The present observations indicate that at the time 
of nicotine arrest the relative tension of the roach cardiac muscle 
becomes increased (nicotine contracture?). If the cardiac muscle 
tension of the nicotine-arrested larval heart is also increased, then, 
since the larval heart does not stop in apparent systole, the tension 
of the alary muscles must be increased to a relatively greater extent. 
Federighi (13) has found that the peristal ticall}^ rythmic dorsal vessel 
of the annelid Nere/is virens Sars possesses smooth muscle fibers and 
is brought to diastolic arrest by nicotine. Zihva ( 44 ) has also re- 
ported results indicating that nicotine can directly or indirectly 
decrease the tension of smooth muscle. Barry (3) found that the 
auricles of the perfused frog heart are brought to diastolic standstill 
nicotine, although the ventricle of the same heart passes into 
systolic arrest. The failure of nicotine, even in vei}^ liigh concentra- 
tion, to produce systolic arrest of the larval heart would seem to 
indicate either that the cardiac muscle of the southern armyworrn is 
different not only from that of the roach used here but also from the 
cardiac and skeletal muscle known to exhibit nicotine contracture, 
or that the larval alary muscles are thrown into contracture of intensity 
sufficient to overcome that of the cardiac muscle and thereby to 
produce apparent diastolic standstill. 

The initial stimulating action of the lower nicotine concentrations 
is readily detected by the nicotine-addition procedure, but when the 
transfer procedure is used this action is partially or entirely masked 
by the iiiliibitory effect of the transfer, which occurs in the control 
experiments, especially in the case of roach heart preparation. This 
transfer depression of rhythmicit}^ probably results from the mecliani- 
sttiiiiilation of the heart mechanism. 

The pH values of the saline and nicotine solutions used for perfusion 
were kept within the approximate range of 6.8 to 7.8, and in a given 
experiment were equalized or nearly equalized. At one end of this 
range (pH 6.8) the ratio of imdissociated (alkaloid) nicotine (Nic 
HOH) molecules to the dissociated nicotine ions (Nic H~^) attains 
the theoretical value of approximately 1:2.4, and at the other end 
(pH 7,8) the ratio is about 1:63. These values are of the applied 
solutions, and not of the solutions after penetration into the cardiac 
tissues where their pH values may become subject to alteration by 
tissue buffers, especially in the early stages of perfusion ; nor is account 
taken of the nicotine salt (hydrochloride) that is formed in the 
nicotine-salme solution as a result of the presence of ionizable electro- 
lytes. In any case the dissolved mice tine may be considered to be 
from about 40 to about 1.6 percent in un-ionized form, while presum- 
ably a considerable portion of the ionized nicotine becomes the hydro- 
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cliloride salt. It is to be expected that these conditions would neces- 
sitate the use of relatively higher total concentrations of ^nicotine to 
affect the cardiac tissues than if the nicotine had been used in un- 
neutralized solution, since several investigations (6, 23, 27 , 32) indi- 
cate that nicotine is more effective when applied to tksues in alkaloid 
than in salt form. 

It has been observed incidentally in these experiments that, if 
certain nicotine concentrations that do not arrest the perfused larval 
hearts are injected into intact larvae, the larvae can be quickly and 
completely paralyzed, although their intact hearts continue to pulsate. 
It would lippeaiq therefore, that the cardiac tissues of these insects, 
especially the southern armyworms, possess higher resistance to the 
action of nicotine than do the intact insects. Shafer (34) noted that 
cardiac activity was one of the last visible indications of life in insects 
killed with vanous poisons, and Walling (36) observed that various 
gases decreased cardiac activity of the grasshopper less readily than 
respiratory activity. 

The causes of the large nonnicotine fluctuations in rate shown by 
most of the rate-time curves, including those from the control experi- 
ments, are not known. They have occurred throughout these experi- 
ments and can be observed in contraction rate-time curves of intact 
insect hearts presented by other investigators (4, 39). Thus, both 
the isolated and the intact insect hearts exhibit variations of this 
sort, at least when measured by stop watch. It should be emphasized 
that the contraction-rate values obtained in these experiments and in 
the experiments of many other investigators are average values repre- 
senting given contraction periods, and therefore give no indication of 
the variability of the individual beats that lie within those periods 
and tend to give inexact representations of some cardiac phenomena, 
such as extrasystoles and dropped beats. Stop-watch measurements 
of contraction rate yield only a portion of the desired information 
concerning the effects of nicotine on the insect (or other) heart. It is 
known that nicotine acting on the noninsect heart can produce changes 
in amplitude as well as in rate. This has appeared to be true in some 
of the present experiments in which low concentrations of nicotine 
seem to increase cardiac vigor. In the experiments reported here, 
therefore, only that portion of the nicotine action upon the roach ancl 
larval hearts which is exhibited as alteration of contraction rate has 
been measured. 

The causes of reversal in the isolated heart preparations are not 
known. Yokoyama ( 42 ) has presented evidence that reversal in the 
silkworm heart is caused, partly at least, by factors such as oxygen 
supply, temperature changes, or applied adrenalin, which produce 
increases or decreases of automatic rhythmicity at one end of the heart 
relative to the other end. Gerould ( 17 ) has also produced cardiac 
reversals by altering the oxygen supply to the intact insect heart, but 
he has also observed (16) reversals in the isolated heart preparation. 
It seems doubtful that variations in oxygen su|)ply caused the reversals 
observed in these experiments, since reversals occurred under eondi- 
tions of Gontinuous aeration of the perfusion fluids; nor, since reversals 
occurred in nicotine-free saline, are they entirely attributable to the 
alkaloid. It is of interest, nevertl^less, that Barry (2) obtained 
ventricAilar-auricular rhythms, as well as other coordination disturb- 
ances, in the nicotine-perfusecl frog heart. 
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SUMMARY AND CONCLUSIONS 

Isolated heart preparations from the fifth- or sixtli-instar southern 
army worm {Proderda eridania Cram.) and the American cockroach 
(Periplwneta americana L.) have been perfused with various con- 
centrations of iiicotiiie to determine the effect on cardiac contraction 
rate. Two methods of perfusion have been used, the strip-transfer 
procedure and the nicotine-addition procedure, and the results and 
conclusions drawn apply only to the above-named insects and under 
the specified conditions of nicotine application. 

The transfer procedure does and the addition procedure does not 
result in a frequently occurring initial cardiac depression of rate, 
which is considered to be nonnicotinic in origin. 

In general, with regard to contraction rate, nicotine applied to the 
roach and larval heard preparations causes initial stimulation without 
depression at relatively low concentrations, initial stimulation fol- 
lowed by partial depression at relatively intermediate concentrations, 
and stiniiilatioii followed b}^ complete depression and paralysis at 
relative^ high concentrations. 

The magnitude of the effect of nicotine upon contraction rate is in 
general much greater in the roach than in the larval heart preparation. 

The stimulatoiy and inhibitory responses of the cardiac mechanism 
are elicited by relatively lower nicotine concentrations applied to the 
roach than to the larval heart preparations. 

Both the stimulatory and the inhibitory effects are essentially 
reversible. 

The nicotine-arrested roach heart is brought to systolic standstill, 
%vhereas the nicotine-arrested larval heart is brought to partial or 
complete apparent diastolic standstill; in general, the pulsating roach 
heart does and the pulsating larval heart does not tend toward greater 
apparent systole under the action of nicotine. 

The roach heart can be stimulated by nicotine to exhibit a fibril- 
lationlike activity that has not been observed to result from similar 
stimulation of the larval heart. 

The roach and larval hearts may exhibit considerable fluctuation 
of contraction rate whether under the influence of nicotine or not ; the 
fliictiiations tend to be more marked in the roach than in the larval 
heart. 

roach and larval hearts may exhibit reversals of direction of 
*^pulsatioii (reversals of beat) whether or not they are under the 
infiiience of nicotine. 

It is suggested that the marked differences in response of the roach 
and larval isolated cardiac mechanisms to perfusing nicotine may be 
due to differences either in their possession of intrinsic ganglionic 
cells or in the resistance to nicotine of various of their component 
neural or muscular p^uts. 
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THE BEET LEAFHOPPER IN THE CENTRAL COLUMBIA 
RIVER BREEDING AREA ^ 

By Orin a. Hills 2 

Assistcmt entomologist j Division of Truck Crop and Garden Inl^i Investigations, 
Bureau of Entomology and Plant Quarantine, United States Department of 
Agriculture 

INTRODUCTION 

The Yakima Valley in Washington is a potential sugar-beet- 
prodiicing area, but production is limited by the prevalence of curly 
top disease, caused by the beet leafhopper, Eutettix tenellus (Baker). 
Three sugar factories built before the severity of this disease was 
realized have now been dismantled. An attempt to produce white 
pea beans commercially in the vicinity of Walla Walla in 1930 was 
abandoned, apparently for the same reason, and tomato growers there 
suffer heavy losses almost every year. In fact, susceptible crops in 
vegetable gardens throughout this section are severely damaged. 

Surveys conducted by the Bureau of Entomology from 1927 to 1929 ^ 
indicated that there is a large breeding area of the leafhopper in the 
central Columbia River Valley, in south-central Washington and 
northeastern Oregon, from wdiich populations are dispersed to the 
Yakima Valley and other surrounding territory (fig. 1).^ 

In 1930 ecological studies of the beet leafhopper were undertaken 
in this area. A laboratory was established at Hermiston, Oreg., and 
24 stations were set up for the purpose of making observations on this 
insect. These stations were so placed as to include the more important 
host plants and were widely enough separated to be representative of 
the entire breeding area. To determine the host-plant sequence, 
brood occurrence, and population fluctuations throughout the season, 
observations were made at these stations as nearly as possible every 
10 days from spring to fall over the period 1930 to 1933. Population 
sampling was accomplished the first year by means of the sweep net, 
supplemented by square-yard counts in the spring and late in the fall, 
when the temperature was so low and host plants were so small as 
to make sweeping impracticable. The square-yard counts were made 
by covering a definite area on hand and knee and counting the insects 
disturbed. The square-foot sampler,® a cylindiical cage \vith a 5-foot 
handle and covering 1 square foot of soil surface, was devised in 
spring of 1931, and w^as used exclusively after that time. ^ 


LIFE HISTORY 

The beet leafhopper overwinters in the central Columbia area only 
as the fertilized female. During the year there are at least three 
broods. The spring brood appears in Alay, the summer brood about 

^ Received for publication Mar, 1. 1037; issued August 1937. 

2 The writer’s thanks are due P. N. Annaud, formerly in charge of this project, for guidance and sug- 
gestions in the study of this problem; and to W. C. Cook for helpful suggestions in the preparation of the 
manuscript. 

3 These surveys were conducted by H. E. Wallace, C. H. Griffith, and the writer. 

^ Wallace, H. E., and Hills, O. A. distribution of the beet leaphoffer, eutettk tenellus 
(BAKER). IN OREGON. (Manuscript in preparation.) 

5 Hills, 0. A. a new method for collecting samples of insect populations. Jour. Econ. Ent. 
26: 90&-910, illiis. 1933. 
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HOST PLANTS 

Tile principal overwintering host plants of Eutettix tenellus in this 
area are alfileria {Erodium cicutarium) and tuniblemustard (N'orfa 
aUissima ) . This mustard is also the xiiost important host of the spring 
brood. Riissian-thistle (Salsola pestijer) is by far thcmiost important 
host of the summer brood. The fall brood matures on Russian- 
thistle, but the drying of this plant forces the insects to shift to the 
young fall-germinated plants of mustard and alfileria. 

HOST OF THE SPRING BROOD 

Spring-brood n 3 miphs hatch and develop largely on tumblemustard 
and alfileria. These plants germinate in the fall and are usually 
abundant early in the spring. The tumblemustard usually lives 
longer than the alfileria, but since the twm occur in close proximity or 
in intermixed stands the insects easily shift from alfileria to tumble- 
mustard. Ordinarily neither plant dries before most of the spring 
brood matures, and many of the eggs are deposited in the mustard. 
Each year summer n^mipbs have hatched from the mustard just as 
it dried. 

Tumblemustard is subject to considerable competition b^^ downy 
bromegrass (Bro7nus tectorum). Much of the area in which tumble- 
mustard was dominant in 1930 was entirely replaced by bromegrass 
in 1933. Alfileria is not so easily crowded out by the bromegrass, 
since it grows much faster late in the fall and early in the spring than 
does either tumblemustard or bromegrass. Moisture is sufficient for 
both plants at these times, and alfileria usually matures by the time 
the bromegrass becomes large enough to crowd it out. The tumble- 
mustard, maturing later, comes into direct competition wdth the brome- 
grass at a time when moisture is scarce. 

Large acreages of tumblemustard \vere noted to have succumbed to 
drought since 1929. In the summer of 1929 this mustard was abun- 
dant over much of the area between the Columbia and the Yakima 
Rivers. In 1930 j^'oung plants were observed the middle of March, 
but they had dried by the middle of April. Very few plants were 
seen in 1931, and most of these dried before reaching maturity. As a 
result the area was almost barren of tumblemustard during 1932 
and 1933. 

In 1932 Pectocarya penicillata harbored large populations of spring- 
brood n^miphs and adults. Previously the plant had been 
noticed. Its distribution was lunited, and it was found to be relatively 
short-lived. In 1932 its seeds germinated late in February and the 
plants were mature and dry by May; in 1933 the seeds germinated the 
first week in March and the plants had matured and dried by the 
first week in June. In most places many large nymphs of the spring 
brood were present at the time the plants dried. 

Bassia Mrsuta, though of limited distribution, harbors rather large 
populations of the spring brood. It germinates either in the fall or 
spring and remains green until the following fall. Germination was 
noted on October 27, 1930, November 18, 1932, March 7, 1931, and 
March 14, 1933. 

Ohempodium leptophyllum is a hpst of minor importance. Prior 
to 1933 population counts had not been made on this plant owing to 
its limited distribution. In 1933 it was slightly more abundant, but 
sprin^brood populations on it were comparatively small. 
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HOSTS OF THE SUMMER BROOD 

Riissiaii-tliistlej tlie most important summer liost^ has germinated 
in March every year, but it has not harbored large populations until 
after the spring dispersal. The entire life cycle of the summer brood 
is spent on this|>lant. 

Oilia rnimitijUra is primarily a host of the summer and fall broods. 
The seeds usually germinate in April and the plants do not dry until 
late in October. " iHdiere Gilia is intermixed with tumblemiistard, as it 
often isj populations on it are small until the mustard becomes unsuit- 
able; where it occurs away from spring hosts, populations prior to 
dispersal are small. Populations have never been Imown to be large 
on this host, but in some years its abimdance has made it important. 
Ill 1930, when it first attracted attention as a host of Eutettix tenellus, 
it was very abundant. That summer it was completely defoliated by 
the larvae of Heliothis sp. Later the plants leaved out and bloomed to 
a limited degree, but before they could set seed they were again 
defoliated, this time by a second brood of Heliothis. The plants were 
so completely prevented from setting seed by these two broods of 
Heliothis that Gilia was not again abundant until 1933, and even then 
it was less so than in 1930. 

Chenopodkitn le/ptophylhm is a minor host of the summer as well 
as of the spring brood, since it does not usually dry until September, 

HOSTS OF THE FALL BROOD 

Host plants of the fall brood are of three distinct types: (1) Those 
on which the brood hatch and develop, (2) those on which the females 
overwinter, and (3) those that furnish food and a medium for ovi- 
position the following spring. ^ Of the first group Kussian-thistle is 
by far the most important, with some breeding occurring on Gilia 
minutiflora, Chenopodium leptophyllum, and Bassia hirsuta. Alfileria 
is the most important in the second group owing to its abundance, 
while tumblemiistard is the most important in the third group. 
This mustard germinates early in March and large spring populations 
of nymphs indicate that it is preferred for oviposition b}^ the over- 
wintered females. 

SEASONAL OCCURRENCE 

The magnitude of the spring brood of Eutettix tenellus depends upon 
the m^nibers of ovenvintered gravid females present in the spring. 
Thus, fall drought, type of winter, or any other factor that affects the 
overwintering of the fall-brood females has a marked effect on spring- 
brood populations. The time of appearance of this brood depends 
largely upon the temperature. 

As will be seen from figure 3, spring-brood nymphs appeared each 
year about the first of May ® and reached the peak of abundance the 
latter part of May. The low level the middle or latter part of June 
represents the end of that brood. The curves did not reach zero in 
June because of the hatching of the sunmier-brood nymphs and con- 
sequent overlapping of broods. 

In 1931 an abundance of spring nymphs was expected because of 
the relatively large populations of overwintered females (fig. 3) and 

6 The data for 1930 were obtained by sweep-net sampling and are in ternts of insects per 50 sweeps of a 
14-mch net. They are not comparable to those obtained from the square-foot samples and are therefore 
not presented in figure 3. 
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the early egg development (%. 6). Such is not indicated in the curve 
for that year. This inconsistency was probably due to imperfections 
in the technique of removing and counting small nymphs, since it 
was the first spring the counting cage was used. Sweep-net samples 
and the early appearance of large numbers of spring-brood adults 
indicated that n 3 unph populations were comparatively large during 
May 1931. 

In 1930 and 1931 spring-brood adults appeared from the middle to 
the latter part of May, populations reaching their peaks in June and 
declining after July 1, but in 1932 and 1933 they did not appear until 
about June 1, reaching their peaks the last of July. In figure 3 disap- 
pearance of the spring-brood adults cannot be determined, since the 
summer brood appeared about the first of July and caused overlapping. 
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Figure 3.— Mean iiopulations of the beet leafhopper in the breeding grounds. 


Each 3 ^ear there has been a sudden increase in nymph popi^ations 
and an appearance of veiy small nymphs late in June, which probably 
denotes the hatching of the summer brood. The summer and fall 
broods greatly overlap, so that figure 3 scarcely shows where one 
leaves off and the other begins. The slight decrease toward the end 
of July probably represents the beginning of the decline of the summer- 
brood nymphs. The time of appearance of the summer-brood adults 
is masked by the presence of the spring-brood adults. The peak of 
summer-brood adults came in August in 1930 and 1931, and the 
first of September in 1933. In all probability the 1932 peak also 
came the first of September, although tliis is not shown in figure 3, 
because the early appearance of large numbers of fall-brood adults 
undoubtedly prevented a drop in September populations. 

The time of hatching of the fall-brood nymphs cannot be deter- 
mined from figure 3, but it is undoubtedly the hatching of this brood 
that prevents the curve from dropping to zero in August, as the trend 
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tlie latter part of July would indicate. Figure 3 shows a peak in 
September for fall-brood adults in 193 1 and 1932. In 1933 populations 
were small, and in September fall-brood emergence scarcely replaced 
simiiiier-brood mortality. Therefore, no fall-brood peak is shown for 
this year. The definite drop in adult populations in October is caused 
by the drying of the summer hosts, pjrincipally Eussian-thistle.^ The 
last point in the 1931 curve for adults ancl the last two points in the 
1932 curve represent collections on newly germinated mustard and 
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Figure 4.— Mean populations of the beet leafhopper in the beet plots. 


alfileria. As fall hosts cover a much lai'ger area than summer hosts, 
the shift results in a decreased population density, but there is prob- 
ably a real mortality due to the forced shifting. The small fall popula- 
tions shown are a resultant of both these causes. 

DISPERSALS 

Movements or dispersals of the spring , brood have been studied by 
observations in beet plots and by catches in insect traps. Since no 
sugar beets are grovm in the central Columbia area, one-fourth- acre 
plots were planted to beets in cooperation Mth the farmers for -the- 
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purpose of studying Eutettix tenellus populations as well as disease 
conditions. Three were planted in 1931, three in 1932, and four in 
1933. Prior to the spring dispersals the beet plots contained only a 
few OYerwiiitered females, wliich had no doubt come from adjoining 
wild hosts. Therefore, the increase in adult populations during May 
and June (fig. 4) was due entirely to an influx from the breeding 
ground. The curves for adults in figure 4 indicate both the time and 
the relative magnitude of the dispersals for these years. 

A comparison of figures 3 and 4 shows that wliile adult populations 
are large in the breeding grounds at the time of migration, the peak 
is not reached until migration is over. It is possible that migration is 
so closely associated with brood maturity in the breeding grounds that 
the peak of adult populations is prevented until after migrations are 
over. 

Approximate dates of spring dispersals as determined by windvane 
trap " collections and beet-plot population studies are as follows: 

(May 19-20, 25-30. 

1931 <Jime 1-12. 

[July 6-15 (slight). 

fMav 25 and 31. 

1932 Mune 1-25. 

LJuly 1-5 (slight). 

1933 June 1-19 (slight). 

In 1931 four traps were placed on the city water tower at Stanfield, 
Greg., at heights of 38, 74, 108, and 127 feet above the ground, to 
determine the relative numbers of insects at those heights. During 
the season 18 Eutettix tenellus were caught in the trap at 38 feet, 12 
at 74 feet, 6 at 108 feet, and 10 at 127 feet. Although these data are 
meager, they indicate that the flying insects are most numerous close 
to the ground. 

The records obtained indicate that large populations in the breeding 
ground precede heavy dispersals, and since it is the spring brood that 
disperses to the cultivated area, the magnitude of this brood in the 
breeding ground is of prime importance. Figure 3 shows that the 
spring-brood populations in the breeding grounds were much larger in 
1931 than in 1932 and 1933. Likewise, figure 4 shows a much larger 
spring-brood population in the beet plots in 1931 than in either 1932 
or 1933. Curly top was severe in the plots in 1931, but not in 1932 
and 1933. Curly top injury to tomatoes over the Umatilla irrigation 
project was also more severe in 1931 than in either 1932^r 1933. 
The magnitude of the summer brood in the beet plots, as indicated by 
the July peaks in figure 4, is of comparatively little importance, since 
the older plants are more resistant to the disease. 

FALL AND WINTER SURVIVAL 

Survival of the fall brood may be diMded into two periods, fall and 
winter. Pall survival is largely dependent upon proper host-plant 
sequence. A change of host is necessitated by the maturation of 
Riissian-thistle, winch usually occurs from September 15 to October 
15. High fall survival is favored when rainfall is sufficient to ger- 
minate winter hosts before Russian-thistle matures. Fall survival is 
low when fall rains are late and germination is delayed until after 

■ .^AFulton, F. a., and Chamberlin, J, C, a new automatic insect trap por the study of insect D]s<» 
PERSf«*|f AND FLIGHT ASSOCIATIONS. JouT. Econ. Ent, 24: 757-761. 1931. 
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Eussian-tliistle readies maturity. When this occurs the insects are 
forced to feed on unfavorable food plants until winter hosts germinate. 

In the period covered by these studies four clistinct types of winter 
were represented. During January of the winter 1929--30 there were 
16 days of subzero weather with a minimum temperature of —38° F., 
accompanied by' 15 inches of snow. Snow was on the ground^5 days 
during December and 19 days during January. During the winter of 
1930“31 there was no snow and the minimum temperature was 15°. 
The TOnter of 1931-32 set in early. The temperature dropped to 8° 
on November 21 and was consistently low from then to the middle of 
December, with a miniinum of 2° on November 28. There were 5 
inches of snow on the ground during this period. Temperatures dur- 
ing the last half of December and all of January were moderate, but 
from February 1 to 5 they were below 0°, with a minimum of —20° on 
February 2. The soil-surface temperature on this date was 26°. 
These low temperatures were accompanied by 8 inches of snow. 
From November 25 to February 10 snow was on the ground for 52 
days. Dining the van ter of 1932-33 there were 7 days of subzero 
temperature, with a minimum of —9° in December; there was no snow 
cover during tliis period, and the soil-surface temperature dropped to 
2°. On February 9 the minimum air temperature was —5° and, with 
no snow cover, the soil temperature dropped to 5°. 

The winter of 1932-33 is the only one of the four which had any 
apparent effect on leafhopper siu-vival. Field counts taken in fall 
and spring, as well as hibernation-cage results, show that the winters 
of 1929-30, 1930-31, and 1931-32 had little if any effect on the insects, 
whereas only 4 percent of the insects siuwived the winter of 1932-33. 
The extremely low soil-surface temperatures affected the insect not 
only directly but indirectly by limiting the food supply, since prac- 
tically all alfileria and tumblemustard were killed. 

SEASONAL COLORATION 

Severin ^ mentions certain differences in color patterns of EuteUix 
tenellus in California. These seasonal color patterns have been found 
to occur in Oregon. In general there are three color types, the dark 
forms, which are the usual overmntering type, and the green and 
straw-colored forms, which occm during the spring and summer. In 
1931 and 1932 E. tenelhis adults taken in the regular population counts 
were clac^iffed according to color (fig. 5). The difference in coloration 
between the green and the straw-colored forms during the spring and 
simimer is not always clear-cut, but there is always a noticeable differ- 
"" ence between the spring and summer forms and the dark overwintering 
forms. Tliis difference in coloration may or may not be associated 
directly with brood occurrence, but it will be noted from figure 5 that 
early in the spring, when only overwintered females are present, only 
the dark forms occur. The sudden increase in May or June is due 
entirely to the ginen forms. The peak of the summer brood is caused 
iargely by the straw-colored forms, and the fall populations are made 
up almost entirely of straw-colored and dark forms. The fall and 
winter mortality of the straw-colored forms is very high, so that by 
spring the populations consist almost entirely of dark forms. 

8 Severin, H. H. P. life-ristort of the beet leafhopper, exjtettix tenellus (baker), in caw: 
FORNIA. Calif. ITniv. Pubs. Eat. 5 (4): 37-88, illus. 1930. 
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EGG DEVELOPMENT 

A special technique was devised for studying seasonal ovule develop- 
ment. About every 10 days samples of females were taken from a 
locality in which the host-plant sequence was adequate to maintain the 
insect throughout the year. These samples were preserved in a 5- 
percent aqueous solution of chloral hydrate. Twenty-five females for 
each date of collection were dissected under a binocular microscope^ 
and then measurements were made by substituting a sliding-scale 
ocular micrometer for one of the oculars. Comparative development 
was determined by measuring the developing ovules within the female, 
and egg length was taken as an indication of the degree of development. 
Only ovules over 0.20 mm in length were recorded, smaller ovules 
being considered unimportant for this work. Results were expressed 
in terms of total length of all eggs over 0.20 mm for each female, and 
the mean total length of eggs for each sample was taken to represent 



Figure 5.— Seasonal coloration of the adult beet leafhopper in the central Columbia breeding area. 


the relative egg development for that date. It was later found, 
however, that almost identical results could be obtained by simply 
counting the number of mature eggs present in each female on 
given dates. 

The results of these measurements are presented in figulCo. The 
data indicate a total absence of developing ovules from mid-Sep- 
tember until the latter part of February or the first of March of 
the following year. During April and May the number of devel- 
oping ovules is much greater than throughout the summer. The 
decline in May is probably due to exhaustion of the egg supply of 
the overwintered females and is followed by maturing of spring- 
brood females. 

A peak of ovule development is shown near the end of June 1931 for 
the spring brood and another the first part of August 1931 for the 
summer brood. In 1930 a peak is shown for the spring brood the latter 
part of June. Other peaks for the spring and summer brood do not 
show in figure 6. They are in all probability masked by overlapping 
^iL^oods. The abrupt ending of development in September is due 
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largeiy to tiie dying of the summer brood, leaving only the fall females, 
whose ovaries do not develop until the following spring. 

Coiiiparisoii of figures 6 and 7 indicates that the niiniber of ovules 
present in the spring females that moved into the beet plots was con- 
siderably larger, than in those that remained in the breeding grounds. 



Figure 6.— Egg development of the beet leafhopper in the breeding grounds. 



Ecological studies 
of the beet leafhop- 
per, Eutettix tenellus 
(Baker), were made in 
the breeding area in 
the central Columbia 
River valle,y, in south- 
c e II t r a 1 W ashington 
and northeaster n 
Oregon. In this area 
there are three broods 
of this insect. The 
more important host 
plants are tumble- 
mustard, alfileria, and 
Russian-thistle. 

The leafhopper 
usually disperses from 
this breeding a r e a 
between May 20 and 
June 30, movements 
being more or less continuous during this period. Return to the fall 
and winter hosts, tuinblemustard and alfileria, occurs during Oc|oh^ 
and is largely a forced movement caused by the drying of the 
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Figure 7.— Egg development of the beet leafhopper in the beet plots. 
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hosts, principally Russian-thistle. If germination of the fall hosts is 
delayed by drought until after Russian-thistle has dried, a high 
mortality is likely to result. 

High "percentages of curly top are directly correlated with large 
spring-brood populations of "the leafhopper. Large populations of the 
sumruer and fall broods are relatively unimportant in this respect, 
except as they affect the magnitude of the spring brood the following 
year. 

Winter mortality is usually of comparatively little hnportance in 
tliis area. In only one winter of the four observed was there severe 
mortality, and this was due to subzero weather without snow cover, 
which not only subjected the insects to intense cold but killed their 
food plants as well. 

Seasonal variations in color patterns of the beet leafhopper have been 
observed in this area. In general, dark forms predominate during 
winter, greenish forms during spring, and straw-colored forms during 
summer. 

Studies have been made of seasonal ovule development in this 
breeding area. Development drops to zero in September and does 
not begin again until late in February or early in March of the following 
season. 




A TRANSMISSIBLE MOSAIC DISEASE OF CAULIFLOWER ^ 

By C. M. TompkiNvS ^ 

Assistant plant pathologist, California Agricultural Experiment Station 

INTRODUCTION 

A liitlierto unclescribed mosaic disease of cauliflower {Brassica 
oleracea L. var. botrytis L.) was first observed in November 1932, in a 
field near Alvarado, in the San Francisco Bay section of California. 
Since cauliflower is a major winter crop in certain coastal valleys in 
central and southern California, an investigation of the disease seemed 
desirable. A preliminary report has already been published {21),^ 
Results of experimental studies on sy^mptomatology, transmission, 
host range, and identity of the virus are presented in this paper. 

REVIEW OF LITERATURE 

Within the last 15 years, numerous contributions have been made on 
virus diseases of cruciferous plants (I, S, 4} d, 6, 7, 8, 10, 12, IS, 14f 
16, 18, 19, 20, 2S). These papers, with one exception {10) have dealt 
principally with symptomatology, methods of transmission, and host 
range, but have presented no data on the properties of the virus or 
viruses concerned. Hoggan and Johnson (10) were the first to report 
on the properties of a crucifer virus which is transmissible to cabbage, 
mustard, turnip, and horseradish. In the absence of data, it is 
doubtful whether the specific identity of other crucifer viruses has been 
clearly established. Wflien considered as to available facts, all of the 
crucifer viruses referred to are apparently different from the cauli- 
flower virus reported in this paper. 

Only five references to cauliflower mosaic have been found in the 
literature. Clayton (5), in liis investigations of ^The true cruciferous 
mosaic/’b transmitted a virus derived from infected rutabaga plants to 
healthy cauliflower seedlings. The symptoms consisted of yellow spots 
scattered over the green leaf, which condition he termed ^flnosaic.^^ 
High temperatures (70° to 80° F.) favored symptom expression, while 
low temperatures (55° to 65°) induced masldng. The maximum in- 
fection observed in commercial cauliflower plantings was 0.75 percent, 
and mosaic was stated to be rare. If Claytords description of symp- 
toms and photographs may be used as criteria for comparaSve pur- 
poses, it is concluded that ^ The true cruciferous mosaic^' is different 
from the mosaic disease reported in this paper. 

1 Received for publication Nov. 2, 1936; issued August 1937. 

2 The writer gratefully acknowledges his indebtedness to Prof. Ralph E. Smith and Dr. M. W. Gardner 
for helpful advice and assistance; to Prof. B. A. Aladson and W. W. Alaekie for providing greenhouse space 
and facilities; to Elizabeth Wilson for seeds of Brassica arrensis: to Dr. R. E. Clausen, for seeds of Nicotiam 
langsdorffii; and to Dr. K. Nakata, Kjmshu Imperial University, Fukuoka, Japan, for seeds of B. pekinensis. 

3 Reference is made bymumber (italic) to Literature Cited, p. 45. 
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Noble et al. {15) observed a mosaic disease of cauliflower in New 
Soiitli WaleSj Aiistraliaj in 1933. In a letter Ao the writei-j Noble"* 
stated: 

Our cauliflower mosaic is probably distinct from the Californian type. It is 
not an important disease here, but infected plants are stunted and show mottling 
and distortion of the foliage. No necrotic spotting has been observed. The 
disease is thought to be traiisniitted by the cabbage aphis, but this has not been 
studied in detail. 

Brief reference to a mosaic disease of cauliflower in Japan was made 
by Hino 09). 

1935 Smith {19) observed a mosaic disease of cultivated crucifers 
in the Cambridge district of England. He found the virus was readily 
transmissible to various crucifers, including cauliflower, by means of 
juice inoculations. Initial symptoms consisted of vein clearing, fol- 
lowed b}^ mottling, distortion, and rosetting. No infection of ISIico- 
timia ghitinosa L. was obtainecl. These facts suggest a close similarity 
between the English virus and the cauliflower virus prevalent in 
California. 

Recently, McWliorter^ in reporting a mosaic disease of dames 
violet {Hes^^eris 7yiatr<ynalis L.), stated that mosaic diseases of cruci- 
fers, especiall}^ of cabbage and cauliflower, had been observed in past 
seasons near Oregon City, Oreg. In October 1935, the writer found a 
mosaic disease of cauliflower in a commercial planting 5 miles north of 
Salem, Oreg. The symptoms weie typical of the disease which occurs 
on cauliflower in California. 

DISTRIBUTION AND ECONOMIC IMPORTANCE OF THE DISEASE 

The mosaic disease of cauliflower is coextensive wflth cauliflower 
culture in the coastal Anlleys of central and southern California. Field 
observations indicate that all commercial varieties of cauliflower 
growui in the State are liable to infection. The average incidence of 
the disease seldom exceeds 30 percent of the plant population. Oc- 
casionally in a few fields all plants are infected, but such instances are 
uncommon. From the producer’s standpoint, the principal loss caused 
by the disease is a marked reduction in the number of marketable 
heads or curds. 

Niimeroiis lots of diseased cauliflower plants, representing most of 
the important conmiercial varieties growm in California, were collected 
at intei’vals during the seasons of 1933 to 1935, inclusive, in the San 
Francisch Bay section; in the Salinas, Santa Clara, and Santa Maria 
Valleys : and in Los Angeles County.® One collection was also made 
inland near Merced in the San Joaquin Valley. Proof of natural in- 
fection of field-growm plants was established by successful greenhouse 
inoculations to healthy young cauliflow^er plants of the corresponding 
varieties. 

Annual surveys made from July to September 1933 to 1935, in- 
clusive, failed to reveal the disease in any commercial cauliflowTr seed- 
beds located in the open field, except as noted in the next paragraph. 
The prevalence of high summer temperatures and the absence of in- 
fective aphids may possibly be correlated with lack of infection. 

^ Letter dated Sept. 11, 1935, from R. J. Noble, Department of Agriculture, S^^dney, New South 'Wales, 
Australia. 

3 McWhorter, F. P. mottling or breaking in dame's rocket in Oregon. U. S. Dept. Agr., Bur. 
Plant Indus., Plant Disease Reptr. 20: 199- 1936. 

® Specimens of diseased cauliflo wer plants were collected near Hawthorne, Los Angeles 
Freitag, Division of Entomology and Parasitology, California Agricultural E.x’periment Station. 
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In tlie market-garden areas near Colmar on the San Francisco pen- 
insula, low temperatures prevail throughout the year, permitting con- 
tinuous cultivation of cruciferous crops, especially cauliflower. Thus 
a constant source of virus inoculum is available. Infected seedlings 
are frequently found in seedbeds, usually located at some.distance from 
the cauliflower fields, and the incidence of the disease may vary from 
a trace to 100 percent. ' 

SYMPTOMS OF THE DISEASE 

The sequence of symptom development in cauliflower plants is 
identical whether the plants are exposed to natural infection in the 
field or subjected to artificial inoculation in the greenhouse. The 
first symptom of infection is a clearing of the veins, which usually 
begins at or near the base of the leaf and gradually extends over the 



Figure 1. —Symptoms produced by the cauliflower mosaic virus on cauliflower leaves under natural con- 
ditions: A, Vein clearing; B, vein banding, mottling, and distortion; C, necrotic spotting, curvature of the 
midrib, and distortion. 


entire leaf (fig. 1, A; fig. 2). At the onset of the disease, one or several 
leaves may show vein clearing, but frequently this symptom appears 
simultaneously on all leaves of the plant. 

Vein clearing may persist for 10 to 20 days, but gradually '^liahges 
to vein banding, which consists of narrow, continuous, dark-green 
areas parallel with and adjoining the midrib and lateral veins (fig. 1, 
B). The occurrence of numerous, irregularly shaped, nonraised, dark- 
green islands in the chlorotic areas between the veins results in a mot- 
tled effect (fig. 1, i?). 

Later, small, irregular, necrotic lesions appear in the mottled areas 
(fig. 1, C). The lesions, whose light tan color, remains unchanged by 
age, are different from and cannot be confused with the /TingspoVt 
virus of cabbage and Brussels sprouts recently described by Smith {19). 
A necrotic ring or black-spot virus disease, similar to Smithes ringspot 
chsease but different from cauliflower mosaic, has been under observa- 
tion and study in the San Francisco Bay section since 1932. The pro- 
duction of necrotic lesions by the cauliflower virus is often accompanied 
of the midrib and leaf distortion (fig. 1, G). 
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Earty infection usually causes sevei’e stunting of the plants. _ The 
terminal heads or curds of stunted plants measure less than 4 inches 
in diameter, are loosely or not at all covered by small, distorted leaves, 
and are always slightly discolored and uninarketable. As a rule, 
late-infected plants "are 'not stunted. Their curds are undesirable for 
eastern shipment because the mottled leaves often become bleached or 
yellowed in transit. 

Symptom expression in the field depends upon low -winter tempera- 
tures. Under greenhouse conditions symptoms are well developed on 



Figure 2. — Symptoms produced by the cauliflower mosaic virus on February cauliflower seedlings 15 days 
after artificial inoculation in the greenhouse at 13° to 19° C.; A, Noninoculated control; B, infected with 
the cauliflower mosaic vims. 

artificially infected seedlings at temperatures ranging from 10"^ to 19° 
C., while higher temperatures favor masking. 

MATERIALS AND METHODS 

For use in studies on transmission, properties, host range, and 
varietal susceptibility, a stock culture of the cauliflower mosaic virus 
was derived in February 1934 from an inner leaf of a mottled and 
severelj^ stunted cauliflower plant, horticultural variety February, 
selectecl near the center of a lO-acre planting at Alvarado. Inocula- 
tions w^re made to healthy February cauliflower seedlings, usually 
with two to three leaves, and lOO-percent infection was obtained. 
This virus culture was used in all inoculation studies. 

Inoculations were made in a greenhouse in wliich the temperature 
ranged from 13° to 19° C. The greenhouse was fumigated weekly for 
the control of aphids and thrips with vapors of nicotine sulphate. 
For the virus suspensions leaves and petioles from young cauliflower 
plants sliovdng the first symptoms of the disease were ground in a 
sterile mortar lined with cheesecloth, and the infective juice w^as 
expressed from the macerated pulp. The carborundum method, as 
devised by Rawdins and Tompkins (17), was used. 

Aging tests were conducted by pipetting 2 co of the undiluted in- 
oculum into small, stoppered test tubes which were stored at a con- 
stant temperature of 22° C. For determining the inactivation 
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teiiiperaturej 2 cc of undiluted virus extract was pipetted into sinall^ 
thin-walled, stoppered test tubes, which were then immersed in an 
electrically heated, agitated water bath for 10 minutes at the desired 
temperature and cooled rapidly in running tap water. Inoculations 
Avere m.ade immediately thereafter. Sterile, distilled water Avas used 
as the diluent in preparing the different virus concentrations employed 
in determining tolerance to dilution. 

Since repeated inoculations with the caulifloAver mosaic virus to 
Nicotiana tabacum L., N, glutinosa L., and N. lamgsdorffii Weinm. 
failed to produce infection, it was necessary to select a test host in 
the genus Brassica. Because of its marked susceptibility to infection, 
the "February variety' of cauliflower was chosen for this purpose. 
Seeds Avere planted, as needed, in flats of steam-sterilized soil. Seed- 
lings in the tAvo-leaf stage Avere transplanted to ordinary soil in 6-inch, 
porous clay pots. Inoculations Avere usually made Avhen the seedlings 
liad tAvo or three leaAms. 

TRANSMISSION 

Initial attempts in 1932 to transmit the Aurus to ynung caiilifloAver 
plants in the greenhouse by means of Holmes' (I i) rubbing method 
of inoculation Avere unsuccessful. ^ Later, infection aauis readily 
obtained, as shoAAUi in figure 2, by using poAvdered carboruiidiim { 17 ). 
The incubation period ranged from 10 to 20 day-s. 

Expressed juice from roots of artificially^ infected February cauli- 
floAver seedlings Avas tested for the presence of the Aurus by^ inoculating 
seedlings of the same variety. Of 42 plants inoculated, 33 became 
infected, shoAving that the virus occurs in root tissues and is highly^ 
infectious. The incubation period averaged 20 days. 

The problem of insect A^ectors of the caulifioAver Auriis aaus in- 
vestigated by Henry H. P. Severin of the Dmsion of Entomology 
and Parasitology. He found that the folloAAung species of aphids 
AAdiich breed on crucifers under natural conditions are vectors of the 
caulifloAver Aurus: Cabbage aphid {Brevicoryne brassicae (L.)), false 
cabbage or turnip aphid {Ehopalosiphum ■pseudobrassicae (Duaus)), 
and green peach aphid {Myzus persicae (Sulzer)), and that 10 addi- 
tionai species of aphids which have not yet been found to breed on 
caiilifloAver under natural conditions are capable of transmitting the 
Auriis. 

In April 1934, floAA^ers produced on 12 mosaic-diseased and 12 
healthy caiilifloAver plants, A^ariety March, Avere bagged and later 
hand-pollinated at AlAurrado. The seed from both lots Avas soAvn in 
an open field seedbed in August. Later, approximately 2,000 seedlings 
from each lot AAnre transplanted in an isolated area. Up to haiwest 
time, no infection Avas observed in either plot, AAdiich strongly suggests 
that the Anrus is not transmitted through caulifloAver seed. Both lots 
of seed Avere then tested in the greenhouse under controlled conditions. 
None of the seedlings in either lot was diseased, substantiating field 
results. 

It is conceivable that the caulifioAver virus may be transmitted in 
nature by agencies other than aphids, as for example, the soil. In- 
A^estigation into the possible role of such additional agencies was not 
undertaken. 
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SUSCEPTIBILITY OF CAULIFLOWER VARIETIES TO ARTIFICIAL 

INFECTION 

All commercial varieties of cauliflower grown in California ^ as well 
as some of importance elsewhere, were tested for susceptibility by 
artificial inociilation in the greenhouse. Seedlings were inoculated 
after the first pair of true leaves had formed, while a suitable niimber 
served as controls. From the results of these tests, shown in table 
1, it is apparent that all varieties are highly susceptible. Typical 
symptoms were shown by all infected plants of each variety tested. 
Although the incubation periods for varieties grown in California are 
within the range of 12 to 20 days, a longer period was noted for some 
varieties which are of commercial importance elsewhere. 


Table 1. — Relative suscepiibiliiy of certain varieties of cauliflower to the cauliflo wer 
mosaic virus as indicated by artificial inoculations into greenhouse-gro wn seedlings 


Common name or horticultural variety 

Plants in- 
oculated 

Plants infected 

Incu- 

bation 

period 


Number 

Number 

Percent 

Days 

April 1 

20 

19 

95 

14-16 

.\iitunin Giant 

10 

19 

100 

17-37 

Christmas . 


57 

100 

19-25 

Clausdale 

15 

15 

100 

27-29 

Danish Dr V Weather ... 

19 

17 

89 

21-30 

Danish Perfection 

20 

20 

100 

15 

Danish Snowball 

20 

16 

SO 

26-35 

December i 

20 

20 

100 

14-15 

Dr yweather Danish Giant . 

20 

20 

100 

16-20 

Early Copenhaa’en Snowball 

20 

20 

100 

20-29 

Early Erfurt Siiowhall 

19 

17 

89 

25-31 

Early .March ^ 

60 

60 

20 

100 

15-20 

Earlv Snowball! .. .. . 

20 

100 

IS 

Extra Earlv Dwarf Erfurt ... 

38 

3S 

100 

19-28 

Extra Earlv Paris 

20 

20 

100 

21-36 

February 

160 ' 

160 

100 

14-20 

High Altitude Danish Snowball 

20 

12 

60 

21-36 

Improved Self-Protectins: Snowball 

54 

54 

100 

22-33 

January ^ 

20 

20 

100 

14-16 

Late March ! 

20 

20 

100 

14 

Late Pearl ! 

38 

34 

89 

17-25 

.VIedium Pearl L 

20 

15 

75 

20-31 

Mission Special 

20 

20 

100 

20 

Model Earliest and Best . 

15 

10 

20 

67 

21-31 

November i 

20 

100 

68 

14-15 

Premium Snow 

19 

13 

31-44 

Primosnow ... 

IS 

IS 

100 

I 26-35 

Prizewinner Snowball 

10 

10 

lOQ 

24-30 

Purple Sicilian Very Early ... 

20 

20 

100 

19-25 

Se.lect Earlv Snowball . 

20 

35 

13 

32 

65 

2,5-35 

Snowball ! ... ... .. 

91 

20-32 

Snow Kina' ... .... 

20 

20 

20 

100 

25-31 

Special Early 

20 

100 

14-15 

15 

Special Medium ... ...... 

20 

20 

100 

St. Valentine 

20 

20 

100 

11-15 

Super Snowball 1 .. . . 

20 

20 

100 

17 



^ Varieties of eoinmercial importance in California. 


HOST RANGE 

NATURAL 

In addition to cauliflower, other cultivated cruciferous plants were 
found to be naturally infected by the cauliflower virus as proved by 
artificial inoculation with their expressed leaf extract to the test host 
in the greenhouse. These included kale {B. oleracea L. var. acephala 
DC,), Brussels sprouts (B. oleracea L. var. gemmifera DC.), reel and 
white varieties of cabbage (B. oleracea L. var. capitata L.), aspa'*^ag‘;^^ 
or sprouting broccoli {B. oleracea h. raT. bofrytis L.), and aiiniuil stock 
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iAiMfyiola incana R. Br. var. annua Voss). On these hosts, clearing 
of the veins was the predominant symptom; stunting was not ob- 
served. . . ■ , 

Virus infection of wild yellow mustard (B. cam> 2 ^estris L.) and wild 
radish (Raphamus salivus L.) plants is of common occurrence in cul- 



Figure 3."~”Symptoms produced by the cauliflower mosaic virus on different crucifers after inoeulation 
in the greenhouse at 13° to 19° C,: U,Wild yellow mustard; jB, shepherds-purse; C, Winter Colma cabbage; 
Z>, Mammoth Hock Red cabbage. 

tivated crucifer fields or along fence rows and ditchbanks. Generally, 
infected plants show a pronounced mosaic mottle on the leaves. 
Failure attended many trials to recover the cauliflower mosaic virus 
on the test host from such material. However, in January 1935, 
some wild mustard plants showing symptoms of vein clearing on the 
lea\'%3 were collected at the edge of a field of sprouting broccoli near 
San Jose, from which the cauliflower virus was readily recovered. 
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EXPERIMENTAL 

P artificial iiioeulation tests in the greenhouse are given 
Yein-cleaiing symptoms were shown b}- all plants experi- 
ected (figs. 3 and 4). In all cases, the virus was recovered 
lost to establish proof of infection. 


^ bib i ^ eiii-dearing symptoms produced on leaves of ornamental crucifers by the cauliflower mosaic 
7 artificial mociilation in the greenhouse at 13° to 19° C.: A, B, Cnnfeeted leaves Sn^^^ 

noSLoculate^S^ Boninoculated control; E, infected leaf of honesty {Lunarm annLy, F 
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caused by a different crucifer ^drus, which in turn does not infect 
cauliflower or cabbage (22), 


Table 2. — Relative msceptihility of certain cultivated and wild crucifers to the 
cauliflower mosaic virus as indicated by artificial inocidations into greenhouse- 
grown seedlings 


Species and common name 

Horticultural variety 

Plants 

inocu- 

lated 

Plants in- 
fected 

Average 

incuba- 

tion 

period 

Cultivated hosts: 

[Dwarf Green Curled 

Num- 

ber 

20 

N'lin- 

ber 

20 

Per- 

cent 

100 

Days 

Brasska oteracea L. var. acephala 
DC. (kale). 


20 

20 

100 

IS 

•i Siberian or Sprouts 

20 

20 

100 

20 

Tall Green Curled Scotch _ 

20 

9 

45 

25 

17 


[white Marrow 

18 

17 

94 

B. oteracea L. var. gemmifera DC. 
(Brussels sprouts). 

/.Long Island Improved 

20 

IS 

90 

26 

ISelected 

20 

17 

85 

35 

rAll Seasons 

20 

11 

31 


Charleston or Large Wakefield 

Copenhagen Market 

20 

20 

20 

20 

100 

100 

17 


Danish B allhead 

20 

12 

00 

23 


Earlv Dwarf Flat Dutch 

20 

15 


30 


Early Winningstadt 

20 

20 

100 

16 

B. oteracea L. var. capUata L. 
(cabbage) . 

Glory of Enkhuizen 

If) 

16 

ino 


-(Hollander— 

10 


94 

21 

Mammoth Rock Red 

20 

20 

iOf) 

21 



20 

20 

100 

17 


Round Red Dutch 

20 

20 

100 

21 



20 

20 

lOO 

17 


Wisconsin All Seasons 

Wisconsin No. 8.— 

20 

20 

12 

17 

60 

27 

27 



20 

20 

100 

17 

B. oteracea L. var. boirytis L. 
(asparagus or sprouting broc- 
coli). 

B. oteracea L. var. cnutorapa DC. 
(kohlrabi) . 

B. napus L. (rape) 

Italian Green Sprouting 

(Early Purple Vienna 

20 

10 

19 

4 

95 

40 

18 

24 

(Early White Vienna 

20 

20 

100 

24 


15 

15 

100 

18 


(American Purple Top 

20 

20 

100 

15 

B. campestris L. var. napobras- 
sica DC. (rutabaga), 

jHaidevs Bronze Topi 

20 

20 

100 

15 

Large White 

20 

20 

100 

19 

(Monarch or Tankard 

20 

20 

100 

13 


(Early White Flat Dutch 

20 

20 

100 

22 


jPurjde Top White Globe 

20 

20 

100 

18 

B. rapa L. (turnip) 

■(Purple Top Yellow Aberdeen.. 



100 

34 


Seven Top 

21) 

14 

70 

22 


[shogoin or Japanese 

IS 

18 

100 

19 


(Chinese 

20 

20 

100 

14 

B.juncea Cos& (leaf mustard) 

I Florida Broad Leaved 



100 

85 

32 


20 

17 

17 


(spinach or Tendergreen 

8 

8 

i 100 

^ 27 



20 

18 

! 90 

1 17 

B. pe-tsaJ Bailey (pe-tsai") 

I Pe-tsai (Hoot ooren) .. .. 

20 

20 

100 

19 

1 Pe-tsai (Nagasaki Hakiisai) 

i 20 

20 

100 

I 20 


1 Pe-tsai (Tsuzita Hakusai) 

I 20 

20 i 

100 

f 14 

B. nigra Koch (black mustard) 


10 

10 

100 

29 

B. at ha Eabenh. (white mustard) _ 


10 


70 

27 

Matthlola incana R. Br. var. 

annua Voss (annual stock). 
Lunaria annua L. (honesty) 

(Empress ,\uguata Victoria 

i Fiery Blood Red 

6 

10 

6 

8 ’ 

100 

so 

! 65 

70 


20 

20 

100 

51 

Lepidium satiimrn L. (garden 
cress). 

Iberis amara L. (rocket candy^- 
tiift). 

Curled or Pepper Grass 

10 

■6, 

8 

60 

32 


10 

s 

, 30 

33 

(Early White Giant Sumiiier.- . . 

4 

50 

72' 


French Breakfast- 


3 

43 

72 

Eaphanus sathnis L. (radish) 

Long Black Spanish 

7 

2 

29 

34 

Long White Japanese 

8 

4 

50 

■ 72 


Scarlet Turnip _ 

20 

20 

100 

30 


White Icicle 

20 

19 

95 

„ 27 

Wild hosts: 

B. adpressa Boiss 


12 

11 

92 

32 

B. aruensis (L.) Etze. (charlock). 
B. campestris L. (wild yellow 
mustard). 

CapseUa bursa-pastoris Medic. 


25 

10 

40 

61 


4 

,4 

100 

18 

o 

10 

10 

100 

29 

(shepherds-purse). 

Eaphanus raphanistrum L. 


8 

'4 

50 

72 

tjoiiited or white charlock). 
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Up to tlie present time and as far as these studies were carried, no 
plants other tlian crucifers Inave been experinientally infected. Stud- 
ies on this phase of the problem, to include the testing of a large num- 
ber of species belonging to other families, are now in progress. 

Ill addition to wild .yellow mustard {B. campestris) and wild radish 
(R. saiiva), infection of other wild crucifers was obtained in the green- 
house, including B. adpressa'BoisSj B, arvensis (L.) Kimtze (charlock), 
Capsella.- bursa-pastoris (L.) hledic. (shepherd s-purse) (fig. 3, B)j and 
R. raphariistrum L. (jointed or white charlock). It is suggestecl they 
may be important as sources of inoculum and as means for overwinter- 
ing of the virus under natural conditions. This problem is receiving 
further attention. 

The experimental host range, as determined b}" inoculations, includes 
51 vegetable varieties, 3 ornamentals, and 5 wild crucifers. 

NEGATIVE REACTIONS 

Unsuccessful attempts were made to transmit the cauliflower virus 
by artificial iiiocidation to spinach {Spmacia oleracea L.) var. Blooms- 
dale, leaf mustard (il. jumea Goss) from Gifu, Japan, rockcress 
{Arabis albida Stev.), wallflower {Cheiranthus cheiri L.), blistercress 
{Erpsimurn perqfskiauwn Fisch. and Mey.), dames violet (Hesperis 
matronalis L.), Virginian stock {Malcomia 'marUima R. Br.), water 
cress (Roripa nasturtiaim Rushy), golden tuft (Alyssum saxatile L.), 
sweet alyssum {Alyssurn maritvniurri Lam.), Athysaniis pusilhis Greene, 
Sianleya.^ pmnaia (Piirsh.) Britt., Thysanocarpus radians Benth., 
broadbean (Vida faba L.), garden nastiiitium (Tropaeolum majus 
L.), celery^ (Apium grave olens L.), tomato (Lycopersicum esculentum 
Mill. var. nilgare Bailey), currant tomato (i. pimpinellijolium 
Dunal), bell or sweet pepper {Capsicum annmim L. var. grossum 
Sendt.), Nicofiana tabacum (var. Turkish and White Burley), N. 
ghitmosa, N. kmgsdorffvi^ head lettuce {Lactuca sativa L. var. capitaia 
Hort.), and cos lettuce {L. sativa var. romana Hort.). 

PROPERTIES OF THE VIRUS 

As shown in table 3, the cauliflower virus retained its infectivity 
in one trial after storage at a constant temperature of 22° C. for 14 
days (336 hours), but was inactivated at the end of 15 days 1360 
hours). Under conditions of the tests, its longevity in vitro lies 
between 14 and 15 days. The virus has an inactivation temperature 
at or near 75° for 10 minutes. A dilution tolerance of approximately 
1 to 2,000 was determined for the virus. 

DESCRIPTION OF THE CAULIFLOWER MOSAIC VIRUS 

Transmitted in nature by Brevzcoryne brassicae L., Rhoyalosiphuni pseudo- 
brassicae Davis, and Myziis persicae Sulzer. Transmissible by artificial inocula- 
tion with expressed juice and powdered carborundum. Incubation period 10 to 
20 days. Resistance to aging in vitro between 14 and 15 days. Inactivation 
temperature at or near 75° C. for lO-ininute exposure. Tolerance to dilution 
approximately 1 to 2,000. Cauliflower {Brassica oleracea L. var. botrytis L.) and 
certain other vegetable and ornamental crucifers susceptible. On cauliflower, 
symptoms consist of stunting of plamt; vein clearing followed by vein banding, 
mottling, necrotic spotting, curvature of midrib, and distortion of leaves; dwarfing 
of terminal head or curd. Nicotiana tabacum L-, N. gliiiinosa L., and iV. langs- 
Weiiim. not infected. 
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Table 3 . — Longevity in vitrOj inactivation temperature, and tolerance to dilution of 
the cauliflower mosaic virus 

LONGEVITY IN VITKO, 22'^ C. 


Aged (hours) 

Trials 

Plants 

inocu- 

lated 

Plants 

infected 

Aged (hours) 

Trials 

Plants 

inocu- 

lated 

Plants 

infected 

n 

Number 

b 

Number 

25 

Number 

25 

168 

Number 

5 

Number 

25 

Number 

25 

25 

4 . _ . 

5 

25 

25 

192 

5 

25 

s ^ . 

5 

25 

25 

210 

5 

25 

25 

12 .. - 

5 

25 

25 

240 

5 

25 

20 

24 _ - 

5 

25 

25 

264 

5 

25 

16 

48 

5 

-25 

25 

288 

5 

25 

15 

60 

5 

25 

25 

312 

1 5 

25 

6 

3 

72 - - --- 

5 

25 

25 

330 

5 

25 

96 

0 

25 

25 

360 

5 

25 

0 

12(1 

5 

25 

25 

384 

5 

25 

0 

144.,.., 

5 

25 

25 




INACTIVATION TEMPERATURE (10 MINUTES) 


Temperature (° C.) 

i 

Trials 

Plants 

1 inocu- 
lated 

Plants 

infected 

Temperature (“ C.) 

1 

Trials 

Plants 

inocu- 

lated 

Plants 

infected 

Not heated, used i 
imined iate 1 v _ 

Number 

Number 

Number 

70 

Number 

5 

Number 

25 

Number 

25 

5 

\ 25 

25 

75 : 

5 

25 

0 

50 --i 

5 

! 25 

25 

Not heated, used 3 
hours after cxtrac- ' 


55 

5 

5 

25 

25 




60 

25 

25 

tion 

5 

25 

25 

05 

5 

25 

25 










TOLERANCE TO DILUTION 


Dilution 

Trials 

Plants 

inocu- 

lated 

Plants 

infected 

Dilution 

Trials 

Plants 

inocu- 

lated 

Plants 

infected 

0 

Number 

5 

Number 

25 

Number 

25 

25 

1:500 

Number 

5 

Number 

25 

Nu mber 
25 

1:10 

! 5 

25 

1:1,000 

5 

25 

14 

1:25 

j 5 

25 

25 

1:2,000 

5 

25 

S 

1:50 - . . . 

* 5 ' 

25 

25 

1:3,000 

5 

25 

0 

1:100 


25 

25 

1:4,000 

! s 

25 

! 0 

1:200 

5 ! 

25 

25 



COMPARISON OF THE CAULIFLOWER MOSAIC VIRUS WITH A 
TURNIP MOSAIC VIRUS FROM NEW YORK 


All earlier suggestion by the writer that the rutabaga virus is 
different from the cauliflower virus was based entirely upon Clayton^s 
(3) description of symptoms and photographs. Comparative iii- 
ociilation tests could not be made since Clayton^s rutabaga virus was 
not available. However, a mosaic disease of white turnip which 
causes serious losses in stecklings intended for seed propagation was prev- 
alent in 1934 on Long Island, N. Y., specimens of which were obtained. ' 
The vhiis was readily established on young Purple Top AYhite Globe 
turnip plants in the greenhouse. Conceivably the turnip virus may 
be closely related to or even identical with "the rutabaga virus (S), 
but experimental evidence is lacking. In a later communication, 


Diseased turnips were sent through the courtesy of J. M. Lupton & Son, Inc., Mattituck, Long Island, 
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C'la 3 ^toii ® stated lie liad never observed a mosaic disease of turnips on 
Long Island. 

It is interesting to note that after ^mung Winter Coima cabbage and 
February cauliflower plants bad been inoculated with the turnip 
vinis^ leaf s^^mptoms cleveloped (fig. 5, A, B) which were not unlike 
those induced on Brussels sprouts and cauliflower by the rutabaga 
virus as depicted by Clayton (d) in liis figure 1, C, on page 267, 
The leaf sAmiptoms on cauliflower consisted of slight chlorosis, with 
small, ligiit-green to ^^ellow circular areas, varying in diaineter^ from 
/i6 to of an inch, distributed between or adjacent to the veins of 
the leaf. On cabbage, the lesions were of the same general type, 
but later the edges became necrotic. 

Successful inoculations with the turnip virus were made only to 
six additional varieties of cauliflower: April, Danish Perfection, 



FiavirE 5.— Leaf syniittoms produced by a turnip mosaic* virus from New York after artificial inoculation 
in the ureenhouse at 13° to 19° C.: A, Light-green to yellow circular lesions, becoming iiecrolic around 
the edges with age, on Winter Coima cabbage; B, p*ale-green to yellow circular lesions on February 
cauliflower. 


Drv-weatlier Danish Giant, Early Alarch, Early Snowball, and Super 
Snowball. The incubation period ranged from. 15 to 20 days. 

Infection was also obtained on Brussels sprouts, rutabaga, pe-tsei, 
aiiiiiial stock (in addition to mottled leaves, the flowers showeci 
breaking), Nicotimia tahacum (var. Turkish), and N. glutiriosa. 
Asparagus or sprouting broccoli, kohlrabi, radish, and N. langsdoriffn 
were not infected. 

These limited tests indicate that the turnip virus is different from 
the cauliflower virus. 

SUMMARY 

A mosaic disease of caiiliflow' er, caused by a hitherto undescribed 
virus, is reported in this paper. 

The disease occurs chiefly in the cool, coastal valleys of California, 
frequent!}^ causing considerable loss to the crop. 

- Letter dated Mar, 25, 1936, from E. E. Clayton, Bureau of Plant Industry, U. g. Dept, of Agriculture, 
■Washington, D. C. 
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A Transmissible Alosaic Disease of OaruMfiower 

Cauliflower mosaic is characterized, by stunting of the plant; vein 
clearing followed by vein banding, mottling, necrotic spotting, curva- 
ture of midrib, and distortion of the leaves; and dwarfing of the 
terminal head or curd. 

The insect vectors are Brevicoryne brassicae, Rhopalosiphnm pseudo- 
hrassicae, and Myms persicae. The cauliflower virus is also trans- 
iTiissible by artificial juice inoculations when carborundiiin is used as 
an abrasive. The virus withstands aging in vitro for 14 to 15 days 
at 22° C. Its inactivation temperature is approximately 75°, while 
the tolerance to dilution is about 1 to 2,000. 

The host range includes 51 vegetable varieties, 3 ornamentals, and 
5 W'Ceds, all belonging to the family Cruciferae. 
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RELATION OF CERTAIN DIETARY ESSENTIALS TO 
FERTILITY IN SHEEP' ^ 

Bv Geokob H. Hart, head^ Division of Animal Hushandry, and! Egbert F. 

"Miller, associate animal husbandman, California Agriciilturdl Experitnent 

Statio-n 

INTRODUCTION 

Economic studies of the sheep industry show that the percentage 
lamb crop is the most important single factor in the cost of production. 
This percentage is usually figured on the number of live lambs born 
as compared to the number of ewes bred. The number of lambs 
produced per hundred ewes depends, of course, to some extent on the 
number of barren ewes and the number producing twins and triplets. 
Heape “ gathered statistics on this problem from flockmasters 
through the Eoyal Agricultural Society of England. Fertility as 
recorded by 306 flockmasters ranged from 203.8 to 59.09 percent, 
and the proportion from 107,603 ewes was 120.4 percent. An analysis 
of this figure showed that an average of 30 ewes produced twins and 
60 ewes produced singles, 90 ewes thus producing 120 lambs; 3 ewes 
died ; and 7 were barren or aborted. The number of lambs produced 
b}^ lOO ewes was, therefore, 120. Under range conditions in California 
the usual lamb crop is 80 to 90 percent. 

One hundred and twenty-five high-grade yearling Rambouillet ewes 
were purchased by the University of California in 1927 and 80 Roinney- 
Rambouillet cross-bred ewes were purchased in 1928 for cross-breed- 
ing experiments ^ in the production of spring lambs. The Ram- 
bouillet ewes came from a long-established flock in which purebred 
Rambouillet rams had been used for 25 years. The flock, which 
numbered 6,000 to 8,000 ewes, had ranged throughout the year on 
the west side of the San Joaquin Valley. It had a lambing record of 
80 to lOO percent. The Romney-Rambouillet ewes came from a 
flock of about 2,000 head which had ranged throughout the year in 
the Sacramento Valley. The average lamb crop in this flock was 
about 9o percent. When these ewes came to the experiment station, 
where feed conditions were better during most of the year, the average 
production of the Rambouillet ewes rose to 135.5 percent and that 
of the Romney-Ramboiiillets to 127.6 percent for the 6 and 4 years 
respectively that the ewes were in the breeding experiment. For the 
3 3 ^ears in which the ewes were in their prime several lots produced a 
160 - to 165-percent lamb crop. 

These observations suggested the advisability of ascertaining 
whether an}?- particular dietary essential was necessary for high fer- 
tility or whether the problem was merely one of total energy intake. 

' Received for publication Oct. 29, 1936; issued August 1937. Part of an investigation of the relation of 
nutrition to reproduction which has been carried on in cooperation with the Bureau of Animal Industry, 
IT. S. Department of Agriculture, since July 1, 1929. 

2 Heape, W. abortion, barrenness, and fertility in sheep; an abstract of records obtained 
FOR THE YEAR 1896-97. Jour. Roy. AgT. Soc. England (3) 10: [217j-24S. 1S99. 

3 Miller, R. F. crossbreeding investigation in the production of California spring lambs. 
Calif. Agr. Expt. Sta. Bull. 59S, 32 pp., illus. 1935, 
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EXPERIMENTAL DATA 

'N 

RELATION OF VITAMIN A TO FERTILITY 

Observations on tlie feeding of breeding ewes had led the writers^to 
believe tlia? vitamiii A defieienc}" might be a factor limiting fertility 
under practical conditions. An experiment was, therefore, undertaken 
to determine the influence of vitamin A on fertility. On Afay 9, 
1932, the lambs from 72 of the Romney-Rambouillet ewes used in 
the cross-breeding experiment mentioned above were weaned and 
the ewes placed in dry lot on oat hay and a small amount of grain 
mixture. On Afay 14 the ewes were segregated into 3 lots of 24 each 
and fed as follows: 

Lot 1. Low vitamin A diet: Oat hay and grain mixture in dry lot. 

Lot 2. Low vitamin A diet plus cod-liver oil during breeding: Oat hay and 

grain mixture-^ in dry lot. . . 

Tiie grain inixtnie consisted of 40 pounds of dried molasses beet pulp, 20 pounds 
of cottonseed rneaL 20 pounds of rolled barley, and 10 pounds of wheat bran. 

Lot S. Control groii]) inaintaiiied on pasture according to usual farm practice. 
Tlie term usual farm practice’’ as used in this paper means that the ewes are 
maintaiiied in suiiiiiier on dry native pasture alternated with irrigated Sudan 
or alfalfa ])asture aiid in winter on native green pasture supplemented with alfalfa 
liay, silage, or Itarley. 

The experimental animals in these and all subsequent tests had 
access to brick salt at all times. On June 10 , 10 percent of dry 
skim-miik powder was added to the grain mixture. In the period 
from June IS to 22 the oat hay was gradually withdrawn, cottonseed 
liiills substituted, and the grain mixture increased so that 2 pounds 
of hulls and one-half pound of grain per ewe were supplied each day. 

On August 1, lot 3 was taken from native dry pasture and placed 
Oil green Sudan grass during the day. At the same time the adminis- 
tration of cod-liver oil was started in lot 2, each animal receiving 
daily 10 ec from a pipette directly into the mouth. 

On August 6 one ewe was removed from each lot because of poor 
pliysical condition. The following day two 2-year-olcl Hampshire 
rams were turned in and rotated among the three lots of ewes. 

One ewe in lot 2 was accidentally killed on August 20. 

On October 7 the breeding period closed, the rams were removed, 
and the adiiiinistra.tioii of cod-liver oil to lot 2 was stopped. Lots 
i and 2 were both in good condition, but the ewes in lot 3 were some- 
what heavier. 

During gestation all three lots w^ere handled according to the usual 

practice on the farm, 

DiiriBg lambing in January the ewes were fed a grain mixture and 
alfalfa, hay. Corn silage was added do this ration for the group that 

had lambs a week or more old. 

On February 1 hiiiibing wms about over, the .pasture w^as still short, 
aiid the., ewes stayed in the corral most of the time. By March 1 
native pasture was good and grain feeding wms discontinued. The 
lambs were weaned on April 23. . The lambing records of these lots 
are given in table 1 and the weights of the ewes in table 2. 

It will be observed that the ewes lost weight after the lambs were; 
weaned in A lay. They became quite accustomed An the restricted 
rations and during the breeding season from August 6 to October 7 
the average gain of the three lots wa.s 10.3, 17.1, and 23.4 pounds per 
head, .respectively. 



July 1, 1937 


49 


Table 1. — Effect of variaiions in the idiamin A content of its ration during breeding 
on the lamhing record of emeSj 1933 

^ ^ 


Total 

ewes 

Ewes 

with 

singles 

Ewes 

■with 

tw’ins 

Ewes 

■with 

triplets 

Dry 

ewes 

(Total 
^ ^ambs 

Lamb 2 
crop 

Awniber 

Number 

Number 

Number 

> 

' Number 

Number 

Percent 

23 

19 

3 

0 

1 

25 

108. 7 

22 

14 

5 

1 

2 ; 

27 

122.7 

23 

1 9 

13 

0 

1 

! 35 

152.2 


1 1 single lamb died shortly after birth in lot 1. In lot 2 the ewe with triplets died before parturition, 1 
pair of twins and 1 single lamb were born dead, and 1 single died shortly after birth. In lot 3, 5 twin lambs, 
and 2 singles died soon after birth. 

2 Based on the number of lambs alive or dead in relation to the number of ewes bred. 


Table 2. — Effect of variations in the vitamin A conterit of the ration during breeding 
on the weight of ewes, 1932 






Gain or 




Gain or 

Date 

Lot 

Ewes 

Average 

loss per Date 

Lot 


Average 

loss per 

(1932) 

no. 

weight 

week: per (1932) 

no. 

L e. 

weight 

week per 





ewe 




ewe 



Number 

Pounds 

Pounds 


Number 

Pounds 

Pounds 



24 

147.9 


{ 1 

24 

135. 4 

-0.9 

May 14 

J 9 

24 

147.9 


2 

24 

136. 7 

+1.3 


1 3 

24 

147.9 


1 3 

24 

146. 0 

-4.6 


1 1 

24 

1^<6. 6 

-1.3 

( 1 

23 

139. 5 

+4.1 

May 21 

2 

34 

146. 6 

-1.3 Aug. 6 

i 2 

23 

136. 1 

-.6 


1 3 

24 

145.4 

-2. 5 ! 

1. 3 

23 

137.0 

-9.0 


1 ^ 

24 

144. 0 

-2.6 

1 1 

23 

139.1 

-.4 

May 28 

2 

24 

144.0 

-2. 6 Aug. 13 

i 2 

23 

137.8 

+1. 7 


1. 3 

24 

143.7 

-1.7 

1 3 

23 

139. 1 

•4-2. 1 


! 1 

24 

142.9 

-1.1 

1 1 

23 

144.1 

+5.0 

June 4 

] 2 

24 

142.5 

-1.0 Aug. 20 

2 

22 

139. 8 

+2.0 


1 3 

24 

143. 3 

-.4 

1 3 

23 

140. 4 

+1.3 


1 1 

24 

144.7 

+1.S 

1 1 

23 

143.0 

-1.1 

June 11 

2 

24 

145. 0 

+2.5 Aug. 27 

.» 9 

22 

143. 6 i 

+3.8 


|. 3 

24 

145. 0 

+1.7 

1 3 

23 

147.2 

+6. 8 


1 1 

24 

137. 1 

-7.6 

1 1 

23 

144.3 

+1.3 

June 18 

2 

i 24 

: 137. 1 

—7. 9 Sept. 3 

2 

29 

145. 9 

- +2. 3 


1 3 

24 

139. 2 

-5.8 

1 3 

23 

147. S 

+.6 


1 1 

24 

140. 0 

+2. 9 

1 1 

23 

146. 3 

+2.0 

June 25 

2 

24 

140, 0 

+2. 9 Sept. 10 

J 2 

22 

147.7 

+1.8 


1 3 

24 

142. 1 

+2.9 

1 3 : 

23 

149. 6 

+1.8 


1 1 

24 

139. 8 

— . 2 

1 1 ! 

23 

141.7 

-4. 6 

July 2 

2 

24 

140. 2 

+. 2 Sent. 17 

2 

22 

143.8 

-3.9 


1 3 

24 

140.0 

+2.1 

1 3 1 

23 

150.9 ; 

+1.3 


! 1 

24 

139. 6 

—.2 

1 ^ i 

23 

144,. 5 

+2. 8 

July 9 

2 

24 

142.5 

+2.i Sept. 24 

1 2 i 

22 

1 148. 4 

+4.6 


1 3 

i 24 



1 3 

23 

1 151. 3 

+.4 


1 

24 

136. 7 

-2.9 


23 

149.3 

+4.S 

July 10 

2 

24 ; 

137. 5 

-5.0 Oct. 1 

J 9 j 

22 

1 151..3 

+2. 9 


1 3 

24 



1 3 

23 

! 157. 6 

+6. 3 


1 1 

24 

1 136. 3 

-.4 

1 ^ 

I 23 

1 149. S 

+. 5 

July 23 

' ‘2 

24 

1 135. 4 

—2. 1 1 Oct. 7 

2 

! 22 

j 153. 2 

+1.9 


1 3 

24 

1 

150. 6 

■■ " ! 1 

1 3 

1 23 

160. 4 

1 +2.8 


The lamb crop of lot 3, kept under regular farm conditions, was in 
line with that during the period when they were in the previously 
mentioned cross-breeding experiments. The restricted diet of lots 1 
and 2 had an adverse effect on the lamb crop. Very low vitamin A 
intake from May 14 to October 7 in lot 1 did not significantly lower 
the number of lambs as compared to that in lot 2. The addition of 
the 10 cc of cod-liver oil daily to lot 2 during the breeding period had 
no significant effect on reproduction, but it may have been a factor in 
the increased weight gain over the animals in lot 1. The cod-liver oil 
used in this work when later tested did not prove to be as potent as 
claimed on the label, but the 10-cc daily doses contained enough of 
this factor to furnish at least twice the minimum requirement. 

■. 49 ' 04 — 37— 4 ' ^ 
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RELATiq]^ OF VITAMIN A AND PROTEIN TO FERTILITY 

111 1933“34j^Lie second year of the study, 7-yea;r-old grade Eam- 
boiiillet ewes* taken from the cross-breeding experiment meiitioiied 
above, wei’^ put on a diet low in protein and kept on the diet until 
the close of\tlie breeding season. 

The lambsHvere weaned on April 30, and 80 of the ewes were placed 
in dry lot on oat-hay and grain mixture. 

On June 8 they were divided into four lots, each containing 20 head, 
and fed as follows: 

Lot L Low vitaiiiin A diet. 

Lot 2. Low vitamin A diet plus coddiver oil during breeding. 

Lot 3. Low vitamin A diet plus Sudan grass pasture during breeding. 

Lot 4. Low vitamin A and low protein diet plus cod-liver oil during breeding. 

For the first three lots the roughage was a proprietary feed, 2 pounds 
per head daih", and one-half pound daily per ewe of a grain mixture 
consisting of 60 pounds of dried molasses beet pulp, 20 pounds of rolled 
baiie3L and 20 pounds of wheat bran. The proprietaiy feed consisted 
of 60*^ pounds of cottonseed hulls, 25 pounds of cottonseed meal, and 
15 pounds of cane molasses. 

Lot 4 received oat hay, 2 pounds daih’ per ewe, with one-lialf pound 
daih" of a grain mixture containing 75 pounds of dried molasses beet 
pulp and 25 pounds of rolled barley. 

From July 7 to 16, lot 4 was gradual^ changed from the oat to hay 
cottonseed hulls. The total protein intake was thereby reduced from 
8 to 5.5 percent. The protein in the hulls is only 20 percent digestible. 

One ewe in each of lots 1 and 3 died on July 1. On July 27 a second 
ewe ill lot 1 became sick and was destrojmd. Her liver contained 
2,500 units of vitamin AA 

On August 1 all of the lots began to receive cottonseed hulls, as the 
siippl^^ of the proprietaiy meal was exhausted. This made it necessary 
on that date to change the grain mixtui'e for lots 1, 2, and 3 to one 
made of 50 pounds of dried molasses beet pulp, 30 pounds of cotton- 
seed meal, 10 pounds of rolled barlej^, and 10 pounds of wheat bran. 

On August 19 one ewe from lot 2 was killed for the determination 
of liver storage of vitamin A, and it w^as found to contain 4,000 units. 
This showed that the high vitamin A store in these aged ewes was not 
being depleted veiy rapidly even though their diets had been deficient 
in this substance for 3/2 months. 

Gil September 2 the plan of the experiment was therefore changed 
somewhat. Four ewes from each of lots 1, 2, and 3 and six ewes from 
lot 4 were eliminated from the experiment. This left 18 head to be 
kept on low vitamin A rations for determining how long their reserves 
would cany them. These ewes were killed at intervals of about 2 
months and their livers exainined. Withdrawal of vitamm A from the 
liver wa^s found to have been much more rapid during the first. year 
than during the second. ' The last of the ewes, just maintaining them- 
selves witliout the drain of reproduction and lactation, lived for over 
2 years on the vitamin A deficient diet, and night bliiidness did not 
appear until after the, lapse of 22 to 23' months. . , 

The, four original lots now contained 14 ewes each, e.xcept lot 2, which 
contained 15. Ten 'cubic centimeters of cod-liver oil per nwe was 

^ This Is an antimony trichloride bine unit of vitamin A estimated by the technique outlined by Guilbert 
and Hart s and approximates 0.1 m,icrogram of vitamin A and respresents 0.25 rat unit IT. S. P. 19k revised. 

5 Gvilbeet, H. K-, and Haet,, G. ,H. storage of vitamin a in cattle. Jour. Nutrition 8; 25--44. 1934. 
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given daily by pipette, beginning September 2, tCFt^ animals in lots 
2 and 4. This cod-liver oil and that subsequeiiw^iised contained 
2,100 United States Pharmacopoeia 1934 revised iMts per gram. 
Tests with the Hilger vitameter A showed it to contain 0.083 percent 
of vitamin A. 

Lot 3 was turned out on barley stubble and alfalfa ^q^astiire with 
some Siidan-grass hay on September 2 for 3 or 4 days, and then on 
Siidaii-grass pasture. On September 10 two Rambouhlet rams were 
turned in and rotated between the groups. By October 12 all the 
ewes seemed to have been bred. The cottonseed hulls and grain 
mixture were stopped in all lots and cod-liver oil feeding was stopped 
in lots 2 and 4. 

All the ewes were now fed alfalfa hay and turned out on green feed 
for about 1 hour a day, the time being gradually increased for a week, 
after which they^ were left on the green feed. 

On October 26 all lots were turned out with the main farm flock. 
Alfalfa-hay feeding, one-half pound per head daily, was started on 
December 20 and on January 2 a grain-mixture feeding was begun. 

Lanibing began on February 9. The lambing data for these groups 
are given in table 3 and the weights of the ewes in table 4. 


Table 3. — Effect of variations in the vitamin A and protein content of the ration 
during breeding on the lambing record of ewes, 1934 


Lot no.i 

Total 

ewes 

Ewes 

with 

singles 

Ewes 

with 

twins 

Ewes 

with 

triplets 

Dry 

ewes 

Total 

lambs 

Lamb 
' crop 2 

1 

Number 

14 

t Number j 
5 1 

Number 

6 ! 

Nujnber 
\ 2 

Number \ 
1 

Number \ 
23 ^ 

Percent 
164. 3 

o 

15 

1 6 ! 

s 

1 1 

0 

25 

166.6 

3,. 

! 14 

i 3 ! 

9 

! 0 

2 

21 

15110 

4 

1 14 

! 

1 6 1 

5 

i 1 

”» i 

1 19 ' 

i izi 7 






2 111 lot 1, 2 lambs of 1 set of triplets were born dead and 1 single died shortly after birth. In lot 2, 2 of the 
triplets and 2 singles were born dead; 1 ewe with prolapsed vagina died and twin lambs were found in her 
uterus. In lot 3, 1 single lamb was born dead and 1 twin died shortly after birth. In lot 4, 1 single lamb 
was born dead. 

2 See footnote 2, table I. 


Table 4.' — Effect of variations in the vitamin A and protein content of the ration 
during breeding on the weight of ewes, 1933 


Date 

(1933) 

Lot 

no. 

Ewes 

Average 

weight 

Gain or 
loss per 
ewe 

Date 

(1933) 

Lot 

no. 

Ewes 

Average 

weight 

Gain or 
loss per 
ewe 




Number 

Pounds 

Pounds 

. 


Nu m-ber 

Pounds 

, Pounds 



1 

20 

141.6 




14 

148. 4' 

—2. 7 

Junes.— 


2 

20 

145.9 


Sept. 30. 

1 2 

15 

146. 1 

■ -2.4 


3 

20 

147. 1 


i 3 

14 

157. 6 

+6.2 



4 

20 ! 

152.0 



1 4 

14 

148.9 

.+3.4. 

' +5. 3 



1 

IS 

156.7 

+15, i 



14 

1 153.7 

June 29-. 


2 

■ 3 

20 

19 

154. 2 
154.5 

+8.3 

+7.4 

Oct, 12. . 


15 

14 

i 148.1,' 

1 159. 0 

+2.0 

+1.4 



;4 

20 

156.0 

+4.0 


1 4 

14 

i 148, 6 

- .3 



1 

18 

151. 1 

-5.6 




i ^ ■ 


Sept 1-- 


1 2 

19 

. 148. 5 

-5.7 






i 

1 3 

18 

151.4 

-3.1 







i 

1 4 

20 

145. 5 

-10.5 1 







The results of this experiment coupled with that of the previous 
year led to the belief that the animals were not being at all seriously 
depleted of vitamin A by the methods used. Slaughtered ewes 
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showed a bis:!) T^omiii A coneetitration in the liver. The 5-nionths- 
period on a i^'witaniin A diet did not deplete the storage in the old 
ewes as alltiT^pated. That the vitamin A reserves were not soon 
reduced was further e-^idenced by the length of life of the group that 
was ccuitiniied on the low intake levels for nearh^ 2 3"ears before night 
blindness j tn*^ first sjniiptom of \dtamin A deficiency, appeared. 

The breeding period in 1933 extended from September 10 to October 
12, and the average weight change per ewe from September 1 to 
October 12 in each lot was +2.6, —0.4, +7.6, and +3.1 pounds, 
respective!}^, which was not enough according to the general empirical 
requirenients to be considered true flushing. Nevertheless, lot 1 
on the vitaiiiin A-low diet with a small gain per ewe produced a 
164.3-percent lamb crop. This was not significant^ different from 
that of the ewes of lot 2 wiuch had the same ration as lot 1 plus the 
cod-liver oil^ and oiil}^ maintained their ^veight during the breeding 
period. It is therefore apparent that actual gain in weight is not 
necessary for a high percentage lamb crop provided the ewes are in 
siifficientlv good condition and have enough bod\^ stores of the 
essentia] food substances. 

Imt 3, which was kept on green Sudan grass pasture during breeding 
and tvliich made the largest gain, did not give birth to as many’’ lambs 
as lots 1 and 2, but still produced a 150-percent lamb crop, which is 
veiw high. 

Lot 4 produced a high+ satisfactory lamb crop, even though it was 
the lowest of the four groups and its rations were the most severed 
restricted. 

From the foregoing results it was concluded that the problem 
would have to be studied with ^mung and growdng ewes that had not 
had the opportunity to store large reserves of the needed dietary 
essentials in their bodies. According^, it \vas decided to discard 
all adult ewes and begin the next year with ewe lambs only. 

RELATION OF VITAMIN A TO FERTILITY IN EWE IAMBS 

In^ 1934-35, the ^third year_ of the study, vitamin A alone was 
restricted as in the first jmar, with the control group maintained under 
the usual farm conditions. Contraiy to the procedure followed in 
the first year, the low vitamin A diet was maintained throughout the 
gestation period. 

Sixty-one lambs averaging 62 pounds in weight were purchased on 
June 21, 1934. They w ere turned on barley stubble until July 24, wdien 
the}" were divided into 2 lots of 30 head each and placed on the follow- 
ing rations: 

Lot 1. Low vitamin A diet: Cottonseed hulls and the grain mixture used the 
previous rear after the proprietary meal had been stopped. 

Lot 2. Placed on Ladino clover pasture. 

The one extra animal was a wether lamb, w hich was killed July 25. 
Its liver contained 750 units of vitamin A per gram. 

One lamb, in lot 2 died on August 29. 

On October 22 one lamb from each group was killed and the livers 
examined for vitamin A. The sample of liver from the lamb of lot 1 
contained 1,000 units and that* of the lamb from lot 2 contained 1,250 
units of vitamin A per gram of tissue, thus showing considerable 

storage. , . 
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For the breeding which started on October 26, ear-old South- 
down ram w-as used. On that date, to facilitate bre^%ling, lot 2 was 
placed ill the corral. This lot was fed the grain mixrSrtf and alfalfa 
liaj. On November 1 the animals in lot 1 were thin and not vigorous 
as compared to the thrifty animals in lot 2. 

On December 1 the ram was removed after having been with the 
e\ves for 36 days,^ Lot 1 wms continued on the low^ vitamin A diet 
during the gestation period and lot 2 was handled according to the 
iisiiarpractice with the main farm flock. On January 1 the aiiimals 
in lot 1 w’-ere thin as compared to those in lot 2 and on February 1 they 
still did not appear thrifty. 

On February 15 one ewe from each lot was killed for the determina- 
tion of vitamin A. The animal from lot 1 had 250 units of vitaiiiiii A 
per gram of liver tissue and the animal from lot 2 had 3,300 units. 

Of the animals in lot 1, two showed definite and one showed partial 
night blindness on March 21. Lambing began on that date. 

On March 29 one pregnant ewm in lot 1 had a prolapsed uterus. 
She was killed and her liver was found to contain 25 units of vitamin 
A per gram of tissue. 

On April 8 nine head of lot 1 were night-blind. These were placed 
in individual pens and fed individually definite amoimts of carotene, 
cod-liver oil, or dehydrated alfalfa meal for a study of the minimum 
requirements of vitamin A. 

On April 20 the remaining IS ew^es in lot 1 were partially or com- 
pleted night-blind. Nine of these w ere kept corralled and fed as a 
group definite quantities of dehydrated alfalfa meal of knowui carotene 
content. On April 29 the remaining nine ew’-es in lot 1 were allowed 
green feed in addition to a small amount of grain, and on May 7 they 
w^'ere found to have recovered completely normal vision. 

The last lamb from the lot 1 ew'-es was born on April 15 and the last 
from the lot 2 ew'-es on April 24. 

The lambing data are given in table 5 and the w’-eights of the ewes 
ill table 6. 


Table 5. — Effect of vitamin A depletion and of vai'iafions in ike vitamin T content 
of the ration during breeding arid gesiaiion on the lamhmg record of ewe lambs, 1935 


Lot iio.‘ 

Total 

ewes 

Ewes 

with 

singles 

Ewes 

with 

twins 

Ewes 

with 

triplets 


Lamb 
crop 2 , 

1 ' 

Number 

2S 

Number 

S 

Number 

0 

Number 

0 ■ 

i Number i Number 
20 i S 

Pereeni 
2S. 6 


27 

13 

■ ■ 0 

■0 

14 j 13 

,4S. 1 





1 In lot I, 7 laiii bs died shortly after birth. In lot 2, Mamb was born dead and 1 died shortly after birth. 

2 See footnote 2, table 1. 


Table ^.—Effect of vitamin A depletion and of imriations in the vitamin n content 
of the ration during bireding and gesiation on the weight of ewes, 1934.-35 


Date 

Lot no. 

Ewes 

Average 

weight 

Gain or loss 
per ewe 

Bate 

Lot no. 

Ewes 

Average 
. weight 

Gainorloss 
per ewe „ 

(1934), 
June 21 


Number 

Pounds 

Pounds 

(1935) 



Number 

Pounds 

Pounds ■ 

f 1 

1 2 

30 

02.0 


Jan. 2 

{ 

1 

■29 

.'28 

75.7 

+3.0 

.. “3. 7'.' 

30 

62. 0 


2 

85.6 

Oct. 1 ' 

( 1 

. 30 i 

67.4 

+5A 

Feb. ^ 2 

{ 

1 

|. . .29 

84.8 

: +9.1 

29 - 

81.5 

+19. 5 

2 

1 ■.■■.■."■ 28 

91.3 

,+5.7 

Nov. 1. 

i 1 

1 2 

29 
. 28 

69.0 

S6.8.' 

, +L6 

+5.3 

Mar. 2 

{ 

1 

2 

1 28 

. ■ 27 

87.7. 

96.1 

+2. 9 
■ +4. 8 

■Dee. , 1 ■ , 

{ i 

" .29 
28 

72.7 
89. 3 

+3.7 
+2. 5 

Apr. 1 

{ 

1 

2 

: ■ 27. 

i. 27 

80,2 

1 ' . .lOLl 

.■ -7.5 
.. +5.,CI 
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From table li be observecl that from October 1, 26 days before • 

breeding begaii^.M during the 36 days of the breeding period, October 
26 to Deceixf^r 1 , the ewes of lots 1 and 2 made an average gain of 5.3 
and 7.8 pounds, respectively. 

The most interesting result of this year's experiment was occasioned 
by continuiiig the ewes of lot 1 on a low ^utamin A ration during the 
gestation period. This demonstrated that even young growing ewe 
lambs that had had access to one season of green feed as nursing Tambs 
stored sufficient vitamin A to enable them to remain on a low mtamin 
A diet from June 21, 1934, to March 21, 1935, a period of 9 months, 
before night blindness occurred. When breeding started on October 
26 these ewes were not much lower in vitamin A than the lot 2 ani- 
mals, as determined by liver analysis of one animal from each group. 
The animals of lot 1 did not do well on the vitamin A-deficient ration 
and did not have as high a percentage of pregnancies as those of lot 2. 
Lot 2 was subjected to more favorable conditions than lot 1 and the 
animals were more thrifty. Tliis probably accounts for the larger 
lamb crop. Vitamin A camiot be considered the cause of tliis differ- 
ence as the data for the next breeding season clearly shows (table 7). 
No ewe in either lot had twins or triplets. The very significant fact 
is that in lot 1 tlie lambs were born weak and all but one died wutliin 
5 clays while in lot 2, 1 lamb was born dead, 1 died shortly after birth, 
and the remaining 11 were normal. Since ewe lambs have compara- 
tively few oestroiis cycles during the breeding season,® more or less 
ciiSiciilty in reproduction and a low percentage lamb crop are to be 
expected from breeding these animals. 

From evidence presented it is clear that vitamin A is highly impor- 
tant in gestation. A liigh death rate of fetuses in the ut^erus and a 
liigli mortality of living offspring, which are usually born w^eak, is to 
be expected if stores of vitamin A become too low^ in ewes toward the 
end of gestation. 

RELATION OF VITAXIIN A, PROTEIN, AND PHOSPHORUS TO FERTILITY 

111 1935-36, the fourth j-ear of the study, vitamin A restriction w'as 
coiitiDued in order to have a group of animals still more severely de- 
pleted of this factor at breeding time. In addition, one group of 
animals ivas maintaiiied on a low protein and phosphorus ration and 
one on a low protein ration. 

The 54 head that remained from the ewe lambs of the previous year 
were used. On June 8 they were dmded into 3 lots each consisting 
of IS head to be handled as follows: 

Lot 1. Low vitaniiii A diet : Cottonseed liuils and grain mixture plus measured 
quantities of carotene, eodliver oil, or dehydrated alfalfa meal to relieve night 
blindiiess; 66 pounds of dried molasses beet pulp, 30 pounds of cottonseed meal, 
and 4 pouiids of decarbonized spent bone black. 

Lot 2. Low protein and low phosphorus diet: Cottonseed hulls and grain mix- 
ture phis cod-liver oil; 96 pounds of dried molasses beet pulp and 4 pounds of 
oysterslieli flour. 

Lot 3. Low protein diet: Cottonseed hulls and grain mixture plus cod-liver oil; 

, 96 pounds of dried molasses beet pulp and 4 pounds of decarbonized spent bone 
black. , , 

Tbe 18 animals in lot 1 were the 9 in indhidual pens and the 9 kept 
corralled and fed alfalfa meal'as a group for mininniTn requirements. 

COIE, H. H., and Millee, R. F. cha,nges.'ik the eepkoductiye organs of the ewe with some 
, BATA BEARING ON THEm CONTROL. .Amer, Jour, Anat. 57: 39-87, illus. , 1935. . 
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They were continued through the breeding and gostation periods on 
close to minimum levels of vittoiin A. When their Btores of ^dtamiii 
A were exhausted and night bhndness appeared, vitamu? A was sup- 
plied in measured quantities as carotene, cod-liver oil, or dehydrated 
alfalfa meal of Imowii carotene content. Four ewes in lot 1 and eight 
each in lots 2 and 3 had lambed the pre\dous year. 

From June 9, when the experimental ration was started, the cod- 
liver oil was given to lots 2 and 3 twice weekly by adding 125 cc to the 
concentrates for each lot on Tuesdays and Fridays. Thus the cod- 
liver oil was administered at the rate of 2 cc per ewe daily and consti- 
tuted about twice the niinimimi requirement. 

The total protein content of the ration for lots 2 and 3 was 6.8 
percent. 

On June 19 all lots were on full feed. The animals in lot 2 were 
beginning to chew the fences. 

On July 3 one ewe in lot 1 died of pneumonia. 

On July 30 lots 2 and 3 were sheared, the average weight of wool per 
head being 3 pounds. 

On August 16 the ewes in lot 2 appeared thin and were craving some- 
thing as was evidenced by their eating dirt and wood. On August 20 
lot 1 was in good physical condition, but about half of the animals 
showed some degree of night blindness. 

On August 22 breeding began. Two mature Shropshire rams were 
alternately used between the three lots during the day and at night 
were turned out on good pasture. 

On September 19 three ewes in lot 2 were especially thin and weak. 
One of them fell down 'while being driven a short distance to the 
scales and had to be carried back to the pen after it was weighed. 
This animal was 3 pounds heavier than at the previous weighing. 

On October 23 breeding seemed to be over. Toward the close of the 
season a Southdown ram had replaced one of the Shropshires In 
lot 2 three of the ewes had remained too weak to support a ram had 
they been in oestrum. On October 31 the rams were taken out 
after a breeding period of 70 days. Cod-liver oil feeding to lots 2 and 
3 was stopped on this date, and these two lots were gradually changed 
to pasture. 

On January 3 one ewe in lot 1 died. She had twin lambs in her 
uterus and her liver contained 3 units of vitamin A per gram. None 
of the livers of the lambs born in tliis group showed any trace of color 
with the antimony triehloride test. The ewes wnre slaughtered soon 
after lambing was completed, and an examination of their livers 
shownd from 8 to 80 imits of vitamin A per gram. 

Lambing began on January 20. The lambing data are given in 
table 7, the weights of the ew^es in table 8, and the phosphoriis deter- 
minations on the blood of lots 2 and 3 in table 9. 

Tills fourth .year of the experiment wns the first in which any of the 
ewes had been so depleted of vitamin A that symptoms of night 
blindness were manifested at breeding time. Half of the ewes in lot 1 
reached this state of depletion and all had veiy lowr reserves. The 
diet of lot 1, except for the deficiency of vitamin A, vms better than 
that of lots 2 and 3 and the animals consumed more of it. Thus lot 1, 
wMch showed symptoms of vitamin A deficiency, still gained 13.1 
pounds from August 1 to October 31, and had a lambing record of 
76.4 percent. All of the lambSj however, wwe dead at birth or were 
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very weak and die^'^witliin 24 hours. Thus the intake of vitamin A 
ill these ewes w^sufficient to prevent them from showing any symp- 
toms more se^^s than night blindness and yet the level was too low 

for normal gestation. 

Table 7. — 'Eifeci oJ vitamin A depletion and of variaiions in the vitamin rl, 
phoi<phorusi"and protein conient of the ration during breeding and gestation on the 
lantiiing record of e^res, 1936 


T r,n 1 ’ Total 

Lot n,o.i : : 

Ewes 

with 

singles 

Ewes 
with 
twins 2 

Dry ewes 

Total 

Iambs 

Lamb 
crop 2 

; Number * 

1 i 17 : 

2 ! IS 

3.... ’ IS 

1 Number 
\ 9 

1 12 

Number 

2 

2 

3 

Number 

6 

9 

3 

Number 

13 

11 

IS 

Percent 
76. 4 
61. 1 
100. 0 


1 All of the lambs of lot 1 were born dead or died within 24 hours. In lot 2 a single lamb died at birth 
posterior presentation requiring assistance. In lot 3 all iambs were alive and normal. 

2 No ewes had triplet.s. 

- See footnote 2, table 1. 

Table S. — Effeci^ of vitamin A depletio7i and of variaiions in the vitamin A, 
■phosphorus^ and protein content of the ration during breeding and gestation on the 
iveight of eires, 1935 


Date 

(1935) 

Lot no. 

Ewes 

Average foVnef ' 

weight ; i (1935) 

Lot no. 

Ewes 

Average 

weight 

Gain or 
loss per 
ewe 



Nu rnber 

Pounds Pounds 


Numher 

Pounds 

Pounds 



18 

99.4 ' ^ 


17 

110.4 

+0.4 

June S 


IS 

103.7 A. .....i Sept. 19 

J 0 

IS 

90.2 

+3.0 


1 3 

! IS i 

105.1 : M i 

1 3 ! 

IS 

103. 8 

+.9 



I 17 i 

104.5 S -fo-l - i 

1 ^ 

17 

116.9 1 

+6. 5 

Aug. 1 

.} 9 

1 IS 1 

S6.0 ^ -17,7 Get. 23 i 

• 2 

18 

84. 8 

-5.4 


jl 3 

1 IS i 

98.7 , -6.4 ] ; 

1 3 

IS 

97.9 

-5.9 


' 1 J- 

1 17 ! 

110.0 ' 4-5.5 n 1 


17 

117. 6 

! +. 7 

Aug. 22 

j 0 

‘ IS -i 

87. 2 ^ 4-1.2 M Oct. 31 ' 

J 2 

18 

86. S 

+2. 0 


} i 

IS 1 

102.9 : -r4.2 :! I 

;l 3 

18 

9S. 4, 

1 +.5 

i 


Table 9. — Effect ofmianvin A depletion and of variaiions in the phosphorus content 
of ike ■ration during breeding and gestation upon the phosphorus content of the 
Mood serum of eweSr 1935 


fPhosi.>horus in milligrams per 100 ce of blood serum] 


Lot no. and, 
iiu,mber of ewes 

Aug. 4 

Sept. 13 

Oct. 30 i 

Lot no. and 
number of ewes 

Aug. 4; 

Sept. 13 

Oct. 30 


Aum- 

Mun- 

MUti- 


MUli- 

Miin- 

Mi/P- 

Lot 2: , 

grams 

grams 

grams ! 

Lot 3: 

(JT(l 

grams 

grams 

116 . 

7. S4 

10. m 


110™ 

S 16 

a ac 

5 84 

117 

7. 69 

7.92 

■ 6 61 ■ 

]10 

6 89 



1.19- - 

6. 15 

6 53 

5 09 ' 

114 






7. 34 

10. 52 

9.SS i 

151 

8 09 



152,-. 

4. 85 


. S. 00 I 

153 - 

11.90 

S 4‘^ 

10. 00 

1^ 

154 

3. 94 

4. 76- 

5.55 


155 

8.25 

8. 61 

7.08 

161 

9.88 

S. 42 

koo 

,1,60 

7. 6,1, 

7.69 

7. 62 

165 __ 

9. 09 

S. 99 

10. 25 

162 : 

6. 56 

i 7. 44 

5.40 

166 

10. 00 

9 82 


164 ! 

8.90 

i 10,52 

■ 9. 20 i 

167 

s’ 00 

6. 99 

-■ 

172-„ 

^ 7. OS 

I ■ 6. 45 

4.39 i 

173 

a 64 

8. 89 

0. ( 0 

1S2 ! 

,6.306 

i ■ 7.62 

6.50 : 

'■ 175- 

8. 42 

s'. 70 

<3 la 

1S3 

S. 00 

i 6.81- 

r.2si 

177-.. 

7. 14 

7. 24 

o. ID 

6. 30 

184 '! 

8,79. 

1 6. 93 ■ 


181 ..... 

8.90 

9. 20 

8.99 

1S9,,,, a,,:..: 

7. 27 

1 6. 45 

. -5.06 J 

187 

9. 52 

10. SO 

8. 00 

190...,_. ...I 

6.25 

1 6. 96 

5. 13 1 

191.... 

8.60 

9.25 

i 8.42 

192 ! 

6.25 

1 ,7.11 

7. 62 I 

193 i 

7 99 

7. 18 

! 4 >7f» 

199— 

S.25 ; 

1 S.08 

5.67 1 

197- . . 1 

aoo 

■ 4. /U 

. . 6. 95 







Average i 

7. 07- 

!■ ,,T.67 

■■ 6.63 1 

. A,Terage 

8. 67 

8.80 

■ 7. 94' 
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Lot 2, on low phosphorus and protein, lost an ETerage of 17.7 
pounds from June 8 to August 1 and from then until the end of the 
breeding period about maintained their weight. "Bfeis lot had a 
lambing record of 61.1 percent. All of the lambs were born healthy 
except one which died at birth. The appetite of lot 2 was noticeably 
poor, and depraved appetite was observed during breeding. The 
number of ewes lambing was 9 out of the 18, and 2 sets of twins were 
produced. Low phosphorus could not definitely be said to be the 
controlling factor in tliis year’s studies, for cod-liver oil fed as a 
vitamin A supplement also contained vitamin D and tliis may have 
masked the results. Certainly the physical condition of the sheep 
in this lot was by far the worst of the three groups. Despite this fact 
table 9 shows no significant lowering of the blood phosphorus by the 
regimen to which they were subjected. This may probably be 
explained by the vitamin D in the cod-liver oil drawing phosplioriis 
stores from the bones of the animals and so maintaining blood phos- 
phorus levels at normal 

Lot 3 on low protein but ample phosphorus and vitamin A lost 0.3 
of a pound per ewe in weight from August 1 to October 31, and still 15 
of the IS ewes lambed. There were three sets of twins and thus a 
lOO-percent lamb crop was produced. All of the lambs were alive 
and normal. 

The data support the assumption that low protein is not as serious 
in its effect on fertility as low protein and phosphorus. Animals 
depleted of vitamin A to the point of partial night blindness will still 
show oestrum, ovulate, and become pregnant. For normal birth of 
offspring, however, an ample amount of vitamin A must be supplied 
during the gestation period. 

CONCLUSIONS 

The data in 1933 showed that low vitamin A intake in adult ewes 
over a period of 5 months, including the breeding season, did not 
affect the number of lambs born as compared to control animals 
supplied witli vitamin xi above minimum reciuirements diirmg the 
breeding period. 

The data in 1934 confirmed the findings of the previous year on 
vitamin A and also showed that limiting the protein intake over a 
4-month period iiicliiding the bi'eeding season had little effect on the 
number of lambs produced. 

The ewes in these experiments were aged and in good condition 
.with large stores of vitamin A in their livers. The .high , lambing 
percentage was not aecom.pamed b}^ sufficient gains in weight of the 
ewes during the breeding season to constitute the empirical .require-, 
men ts for flushing. 

When. ewe lambs were used and vitamin A intake restricted, they 
were still hot depleted of this food factor at breeding time, but as the 
low , vitamin A diet was con tinned during gestation depletion of 
storage occurred after 9 months and seven of the eight lambs born 
were weak and died soon after birth. 

The fourth year the low vitamin A group was depleted at breeding 
time to the point of night blindness, -but still 11 of the 17 ewes con- 
ceived and 2 of these had twins. Gestation was imsiiccessfiil, however, 
and all of the lambs were bom dead or died within 24 hours. 
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Tlie animals on low protein and pliosplioriis were more seriously 
affected b}" tlie dietary regimen than animals on low protein alone. 
Depletion of f^od phosphorus did not occur on the low protein and 
phosphorus regimen; the cod-liver oil may have been responsible for 
this. Further work will have to be done to establish the effect of 
low pliosphoriis. 



SELENIUM IN PLANTS IN RELATION TO ITS OCCUR- 
RENCE IN SOILS 1 


By John T. Miller, assistant soil surveyor, Soil Survey Division, and Horace G. 

Byers, principal chemist, ^Soil Chemistry and Physics Research Division, Bureau 

of Chemistry and Soils, United States Department of Agriculture 

INTRODUCTION 

In studying the distribution and intensity of selenium in soils, the 
writers have made certain observations which it is believed will be of 
interest to botanists in general and to plant ecologists in particular. 

From the studies which followed the recognition of selenium in 
plants as the cause of a characteristic disease of animals, certain plant 
relationships have gradually emerged.^ It first appeared that all 
plants grown on seleniferous soils absorb selenium to some extent. 
Later it became apparent that certain plants are particularly prone to 
this absorption and thereby become intensely toxic (fig. 1)" Thus, a 
sample of Astragalus hisulcatus (Hook.) A. Gray from Albany County, 
Wyo., contained 4,300 parts per million of selenium^; a saniple of 
A^racemosus Pursh from Dawes County, Nebr., contained 5,560 parts 
per million; and a sample of A. pectitiatus (Hook.) Dough from 
Logan County, Kans., contained 1,750 parts per million. A sample of 
Stanley a pinnala (Pursh) Britt, from Otero County, Colo., contained 
1,880 parts per million, and a sample of Applopappusfremonfi A. Gray 
from Crowley County, Colo., contained 760 parts per million. Such 
quantities of selenium are lethal when ingested by animals. 

On the other hand, many plants on the same areas show no such 
absorptive capacity. In exactly the same soil area a sample from a 
plant of Astragalus hisulcatus growing among wheat plants contained 
1,110 parts per million of selenium while the wheat contained but 45. 
A. tnissouriensis Nutt, contained but 3 parts per million,^ where A. 
bisulcatus contained 1,250 parts per million. Native prairie grasses 
for the most part seem to have a very low absorptive capacity, as illus- 
trated b}"" the fact that on a single square mile in South Dakota where 
15 samples of wheat contained an average quantity of 21 parts per 
million the average for 50 samples of little bluestem was but 0.8. No 
samples of buffalo grass, of hundreds examined, have been found to 
contain toxic quantities of selenium. 

As pointed out in a recent publication,^ there appears to be no direct 
quantitative relationship between the selenium present hi a soil and 
that absorbed by the plants, even of a given species. One reason for 
this appears to be the variation in the forms of selenium present in 
soils. ^ Nevertheless, where the soils have a relatively high selenium 
content, plants in general show increased quantities of selenium. 

1 ReeeiTed for publication Nov. 27, 1936; issued August 1937. 

3 Byers, H. .G. selenium occurrence in certain soils in the united states with a discussion of 
RELATED TOPICS. U. S. Dept. AgT. Tech. BulL 4S2, 48 pp., illus. 1935. 

3 Byers, H. G. selenium occurrence in certain soils of the united states with a discussion of. 
RELATED TOPICS. SECOND REPORT. IJ. S. Dept. AgT. Tech. Bull. 530, 79 pp., illus. 1936. 

4 Williams, K. T., and Byers, H. G. selenium compounds' in soils. .Indus, and Engin. C.hem. .28: 
912-914. .1936. 
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Figure L -~ Astragalus hisukaf u.s growing on soil developed from Pierre shale, Fall River County, S. Dak., 

June 10. 1935. 



FiGuiiE 2;--A8imtMim pectmitiu growing on soil developed from Pierre shale, Shannon County, S. Dak 

June?, 1935. 


Even before tlie recognition of selenium as a cause of the so-called 
alkali disease an effort was made*to relate the incidence of the disease 
to the soil/^ and it was shown that the areas best known to produce 


® Peanke. K., Rice, 1 . D., Johnson, A. -O., and Schoening, H. W. report on a. preliminary fieid 
SURVEY OF THE SO-CALLED “ALKALI*’ DISEASE, OF UVESTOCK. ' V. S. Dept. Agr. Circ. 320, 10 pp., illUS. 1934. 
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toxic grain were on soils derived from Pierre shales in Soiitli Dakota 
and Nebraska.^ It was correctly assumed that the source of the injury 
was ill the shales. After the occurrence of selenium'dii these shales 
had been established, it was found that selenium was also present in 
the Niobrara shales and in soils developed from them. These shales, 
like the Pierre, are a part of the foimiations of the Upper Cretaceous 
period. It appears probable that other formations of the Cretaceous 
period are abnormal with respect to selenium content, and possibly 
certain younger formations as well. 

In the spring of 1935, during the course of a reconnaissance survey 
of possible seleniferous areas, the writers were impressed by the fact 
that almost invariably where Niobrara and Pierre formations (fig. 2) 
were the probable sources of soils, one or more species of Astragalus 
or Stanley a were found. In many cases in South Dakota, Nebraska, 
and Wyoming arrival on these soils was as readiU recognized through 
observation of the botanical associations as through a study of the 
soils or of the geologic maps. Therefore, during a somewhat detailed 
study of certain areas in western Kansas, observations were made as 
outlined below. These observations were further supplemented by 
observations in Colorado and New Mexico. 

OBSERVATIONS IN KANSAS 

In Kansas the area of study was confined to the upper drainage 
basins of the Smok^" Hill, Saline, and Solomon Rivers, where these 
streams cut through the loessial mantle into the Pierre and the soft 
chalky shales of the upper Niobrara formations (Smoky Hill). The 
physiography of this region reduced to its simplest terms is that of a 
plain, slightN tilted toward the east. It is characterized by broad 
level interstream areas, and short, moderated steep slopes bordering 
the valleys of streams. Except for restricted areas, the surface of 
this plain is covered by^ a thick mantle of loess, which in the north- 
western corner of the State attains a thickness of 180 feet. Conse- 
quently, the soils over the greater portion of the area are developed 
from materials of loessial origin. Soils developed from residual 
materials are confined for the most part to those on slopes bordering 
streams or in close proximity to streams wdiere the loessial mantle 
has been removed by erosion, or in first bottoms or terraces where 
the parent materials are largely residual. 

Keith silt loam, a Chestnut soil, is the dominant soil of the uplands. 
In this soil type the upper 15 inches is dark grayush brown and the 
upper 3 inches is slightly laminated. At a depth of 15 to 30 inelies, 
the soil consists of a slightly compacted heavy silt loam with a slightly 
prismatic structure which breaks into clods. This is undeiiain to 
depths of 10 feet or more hj light-browm silty loess (Sanborn loess). 
The profile has a lieavy^ accumulation of earhonates at a depth of 20 
to 35 inclies. The normal vegetative cover where the Keith silt 
loam is fuily^ developed consists of a dense sod of buffalo grass {BmMoe 
dactyloides „(Nutt.) Engelm.) .and bhie grama (Bmteloua gracilis 
(H. B. K.) Lag.) with lesser amounts of side-oats grama (R. (mriP 
pendulu: (MiciixJ) Torr.). Along with these dominates, occasional 
plants of a large number of species- are scattered over the terrain. 
These niiscellaneous plants increase in number where the range is 
oveigrazed in relation to the grass cover. On this soil type the species 

5 See opposite page for footnote. 
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of Astragalus iiieiitioiied above seldom appear even wlien tliey are of 
frequent oecimeiice on neighboring areas. _ 

At a typicifflocatioii of Keith silt loam in the SWK sec, 7, T. 11 S., 
K. 28 W.j the following cover was observed:® 

Buffalo and grama grasses, 75 percent. 

IMiseellaiieous vegetation, 25 percent. ■ 

The iiiiscellaneoiis cover consisted of: 

Siiiifiower (Helianikus anniius L.). 

Riissiaii-tiiistle (SaUola pestifer A. Nels.). 

Psoralea (Psoralea collina Rydb.). 

Sagebrusli (Artemisia Frigida Willd.). 

White wreath aster ericoides L.) (A. midtifiorus x4it.). 

Kuliriia (Kuhnia gluHnosa Ell.). 

Coiiiinoii pigweed (Amaratithus sp.). 

Blazing-star (Laciniaria punctata Hook.). 

The surface soil at tliis point contained but 0.4 part per million of 
seleiiiiiiiij and the wild aster, which is the best selenium absorbent of 
this group of plants, contained but 2 parts per million. The other 
forms of vegetation at this point were not collected for analysis. 

Three typical soil profiles, the environments of which differ chiefly 
ill topography, are developed on Smoky Hill shale (upper Niobrara). 
Tliey are as follows: 

(1) On smooth upland: The upper 8 inches consists of dark grayish- 
brown silt loam. This merges into a brown light silty clay loam which 
is imderlam at 12 inches by a heavy sih^y clay loam. At a depth of 
about 35 inches the soil merges into yellowish-brown lighter textured 
silty clay loam, which in turn merges into the dull-brown Smoky 
Hill clay shale. The entire depth of this type of profile from surface 
to shale is 40 to 60 inclies. The whole profile is calcareous, with a 
heavy carboiiate accumulation at about 25 to 40 inches. 

(2) On moderately steep slopes: The soil profile is similar to that 
developed on the smooth upland except that both the surface soil 
and subsoil liorizons are shallow and the transitional zone from soil 
to shale is strongly modified or absent. The imweathered shale 
occurs witliiii 20 inches of the surface. In places only 1 or 2 inches of 
grayish-brown topsoil is developed. 

(3) On nearly level local alluvial areas: At the base of outcrops of 
Smoker HiU shale, such as those in the vicinity of the 'Tyramids” 
of Gove County (fig. 3), the soil consists of a yellowish-brown chalky 
light clay loam which may extend to a depth of 4 feet or more. It 
is usually iindifferentiatefl, but in places where the accumulation of 
shale materials is slow, 6 to 8 inches of grayish-brown surface soil 
has developed. 

On all the modifications of the soil developed from the Smoky 
Hill materials the normal vegetative cover is sparse. In its extrenie 
expression it consists of turpentine weed iGulierrezia sarofkrae (Piirsh) 
Britton & Riisby), constituting a 25-percent cover, and a scattering 
of other plants, .making a maximum cover of 35 to 40 percent. ' In 
mhhitbmsli {ChrysoihammiS\^ is a common plant associated 
with, the, turpeiitiiie .weed. In -a few locations Eriogonum is 
common. One of these locations' .is in the NE)^ sec. 30, T. 13 S., 

6 Valuable assistance in t,he ld.ent,iflcation, of plants for this paper was rendered bv S. F. Blake of the Bureau 
of Plant Industry* United States Dep^tment of Agriculture, and by E. C. S,mith of the Colorado State 
College of Agriculture, .B'ort Collins, Col. 
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R. 35 W,, in Logan County. Mentzelia decapetala (Pursli) Urban & 
Gilg., Aster ericoides (wliite wreath aster), A. fendleri A. Gray (blue 
aster), and Tetraneuris jastigiata Greene are plants of mihbr importance 
on shaly slopes and immediately adjacent areas. 

On the soils developed from local alluvium and colluvium adjacent 
to steep slopes there is a more profuse growth of vegetation. On these 
areas, however, the vegetative cover is sparse as compared to the 
normal cover on the Keith silt loam. One of the dominant plants on 
these soils is turpentine weed, which constitutes from 5 to 25 percent 
of the cover. At many locations there is a straggly growth of wild 
aster, interspersed with side-oats grama. In other places one or the 
other or both of the wild asters mentioned above may constitute a 
5- to lO-percent cover. This is especially true on narrow, alluvial 



Figure 3.~View showing sparse vegetation cover on local alluvium surrounding the “Pyramids,*’ Gove 
County, Kans. The vegetation in the foreground consists largely of turpentine weed {GiitkTrezm 
mrothme). August 13, 1935. 

areas. Little bluestem {Andropogon scoparkis !Michx.), JMuKlem 
bergia sp., and Aristida sp. are grasses of minor importance. Other 
plants of minor importance are Mentzelia decapetala^ M. nuda (Pursh) 
Torr. & Gr., Psoralea tenuijiora Pursh, P. digitata Nutt., Lygodesmia 
juneea. (Pursh) D. Don, Russian-thistle, and sunflower. 

At a typical location on a terrace where the soil was derived largely 
from Smoky Hill materials, an area 50 feet square, 150 feet from the 
northeast comer of sec. 30, T. 13 S., R. 35 W., in Logan County, was 
examined in detail. This area was approximately 80 rods from the 
nearest shale outcrop. The data obtained are as follows: Buffalo 
grass, 15-percent coYer ; Muhlenbergia sp., 5 peioent; Aristida 
1 percent; a few scattering plants of side-oats grama, 5 plants oi 
Astragalus peetinatus, 25 of Stanley a Pipinnata^ Greene, 11 of Qidi- 
errezia sarothrae, 2 of Oirsium lanceolatum (L.) Hill, 1 of yucca, and 
5 of Helianthus a/nnuus. There were numerous Salsola/pestifer plants, 
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and a}3proxiiiiatelY 1 Malmstrum coccineum (Piirsli) Gray for each 
2 square fe^-. The total cover was estimated at 40 percent. ^ At 
this loca tioiiviie surface soil contained 22 parts per million of selenium, 
the A. pedinatus 500 parts per million, based on the air-dry plant, and 
the Anstida 5 parts. The other plants were not examined for selenium. 

On another area 50 feet square, located 80 rods south of the one 
just described, and consisting' in part of shaly outcrop and in part of 
chalki" materials of local alluvial and colluvial origin, the cover was 
as follows: On the shaly outcrop, 20 plants of Eriogonum sp. and 1 
plant of Tueca sp. ; on the chalky colluvial material the cover, about 
30 percent, consisted of turpentine weed 15 percent, and Eussian- 
thistle 10 percent, along with 20 plants of wreath aster, 5 of blue aster, 
10 of Stajihyci pinnata (Pursh) Britt., and 1 Psoralea {P. digitata). 
While these 'samples were not examined for selenium, the plant asso- 
ciation is typical of proven seleniferoiis soils in tliis area, and occurruig 
as it does on a shaly outcrop, would justify the assumption that the}^ 
were seleniferoiis. 

OBSERVATIONS IN COLORADO AND NEW MEXICO 

In the spring of 1936 the writers were engaged upon a second 
scouting expedition through eastern Colorado, New Mexico, Arizona, 
and Utah, where, on geological and other grounds, the existence of 
seleniferoiis areas was suspected. It ivas observed that wherever the 
soils were derived from shales corresponding to the Pierre or Nio- 
brara formations, one or more of the plant species which had been 
found to be good selenium absorbers were always present. A few 
examples may be cited. In Hamilton County, Kans., no specimens 
of Astragalus racemmus were observed until a small outcrop of soil 
derived from Niobrara shale, in sec. 2, T. 22 N., R. 43 E., was reached. 
Here, in a soil sample containing 1.5 parts per million of selenium, and 
over shale containing S parts per million, a plant of A. racemosus was 
growmg. It was examined for selenium and found to contain 1,220 
parts per million. 

In various locations in the Arkansas Valley between Holly and 
Pueblo, Colo., niimeroiis samples of Astragalus bisulcatuSj A, racemosus , 
and A. pectinatm were collected, and invariably these plants were 
found to contain selenium in quantities var^^ing from 5 to several 
tliousancl parts per niillion. On United States Route No. 85, from 
Raton to Las Vegas, N. IMex., wherever outcrops of Pierre and 
Niobrara shales were found as soil parent materials, various species 
of Astragalus were obseiwed. Five miles from Raton a specimen of 
A, raee?nosus was collected wliich contained 390 parts per niillion of 
selenium, and the surface soil in which it was growing had 2.5 parts. 
At a point 14 miles from Raton a sample of A. Usukatus growing on a 
clay loam which, at the surface, contained 12 parts per million of 
selenium, was found to contain 2,580 parts. Again, where the route 
passed over volcanic formations and various other strata, no species 
of jUtragahis were observed. Within a feiv niiles of Las Vegas a 
species of Asfrayufe, tentatively identified as A. Msulcadus, apypesaced. 
It contained 1,110 parts per million of selenium, and the surface soil 
in which it was growmg contained 1.5 parts. On the highway be- 
tween Shiprock, N. Mex., and Cortez, Colo., Stanleya pirbuata (fig. 4) 
was observed only where the soils were seleniferoiis. Here samples 
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were found containing from 70 to 830 parts per million of selenium. 
'Ill traversing the route from Glenwood Springs, Colo., to Colorado 
Springs on United States 40 S., no known seleniferoiis shales outcrop 
until Walcott^is reached^. No species of Astragalus were noted along 
this route. North of Walcott the geological map shows a small oiif- 
crop of Niobrara shale. A short inspection of this area along State 
Koad No. 11 revealed the presence of numerous speciinGiis of A. 
raeemosus. A single plant examined for selenium was found to con- 
tain 2,820 parts per million. The upper 6 inches of soil upon whieli 
this plant was growing contained 6 parts per million of seleniiim. 



Figure i.—Stanleya pinnata plant growing on soil developed from Apishapa shale, Otero Counts', Colo. 

August 1, i936. Note lack of grass cover. 

To determine more definitely the relationships indicated by the 
foregoing data two closely adjacent spots in Kiowa Coimty, Colo., 
were selected. One of these is a soil area developed over Apishapa " 
(Niobrara) shale and undoubtedly is seleniferous, as indicated in the 
tabular data. It is located 80 rods north of the southwest corner 
of sec. 6, T. 19 S., K. 51 W. The other soil is developed over the 
Ogallala formation (a slightly consohdated sandstone of Tertiary age) 
and is as free from selenium as can be expected in this area.' It is 
located near the center of sec. 23, T. 18 S., R. 51 W. Both areas are 
topograpliically similar and are smooth and uniform in character. 
At each point an area 100 feet square was selected and the vegetation 
studied and sampled. At each plot a profile of soil was taken. All 
the samples obtained were examined for selenium. The results are 
given in table 1. 

The seleniferous area examined was part of a virgin area which 
probably has never been overgrazed. The cover was estimated: 
Blue grama, 20 percent ; turpentine weed, 10 percent ; spurge, 3 percent ; 
miscellaneous plants, 17 percent; total cover, 50 percent. The 

^ In Colorado the upper Niobrara is called Apishapa shale, whereas in Kansas this part of the Niobrara 
is called Smoky Hill shale. 

•'4904— S'!— 5 


66 


Journal of Agricultural Besearxh 


Vol. 5B,no. 1 


imscellaiieoiis vegetation included 1 Astragalus ‘pectinatus, 10 Stanley a 
'pinnata^ and 12 Applopappus fremonti plants. 

Tlie iioiiseleiliferoiis plot selected was part of an area wliicli liad been 
previously overgrazed. This was selected in order to obtain a variety 
of vegetation. The normal vegetation of the soil developed, on the 
Ogallala formation consists of a dense cover of grasses, chiefly buffalo 
and grama grasses. The area selected had an estimated total cover 
of 75 percent, 50 percent of buffalo and grama grasses, 15 percent of 
Riissian-tbistle, and 10 percent of miscellaneous vegetation. 


Table 1. — Selenium content of soil profiles and vegetation on a "‘nonseleniferous'' 
and on a ^"seleniferous’^ area ^ 





Selenium in— 

laboratory 
sample no. 

: Field, 

1 23,0. 

Material 

t 

1 tation 

1 

Noii.scleiiiferou.'-: ■ 



P. p. m. ! F. p. TO. 

B 19510 

>i2 1 

Heaw silt loam, 0-6 inches 1 

0.2 

B195"l 1 

);2 1 

Gritty clsv loam, 6-12 inches .i 

2 

'RIQ-ol*' 


Stiff clay loam, 12-24 inches ^ 

,2 

RiOoia 1 i 

Clay loam, 24-36 inches ! 

.2 

B 1951 4 

i 02 1 

Siitloam, 36-4S inches... 


B 195 15 

' 62 

Sandy loam.. ^ 

‘2 

BlOSlfi 

fi2a : 

Blue grama (Bouteloua gracilis) 

; 0 

B 19517 

G2b. ! 

Russian-thistle (Salsola vestijer) : 

: 1 

B3951S-., 

! 62c ! 

Scarlet mallow {Malmstrum cocclneum ) . . i 

i 1 

BI9519,. 

: fi2d., i 

Silky soph ora (Sophora serkea Nutt.) 

! 1 

B 19520 

fi2e ! 

Sunflower (Helianthus ann'uus) 

^ 1 

B 19521 

ti2f 1 

Corn ^ (Zea maps L.) 

T ! 1 

B 19522 

. : 62g,.. 

Sagebrush (Artemisia frigida) 

[...: ^ 1 

B 19523- 

>\2h. i 

Cocklebur (Xanthium sp.) 

i..., ,-i 2 

B 19524 

. fi2i .! 

Spurge (Euphorbia sp.) 

' 1 0 

B 19525..- 

, ! f>2| : 

False buffalo grass (Munroa sQuarrosa Torr.) . . 1 

! 1 

Seleniferous: ^ 



i i 

B 19526. .... 


Gritty clay loam, 0-6 inches 

! 2.0 1 

B 19527 


Grittv clay loam, 6-12 inches 

■ 3.5 1 

B1952S . .. . 


i Silty clav loam, 12-24 inches 

4.0 ! 

B19529.. -- 

6:1 . . . . 

Shaly clay loam, 24-36 inches 

^ 4.0 ' 

B19530 

n:L_- 

1 Apishapa shale, 36-48 inches 

3.5 i 

B1953J 

i 6:3a,..- 

! Blue grama 

1 -1 2 

B, 19532 

! 6:3b 

1 Russian-thistle 

' 5 

B. 195:33...... 

63c* 

! Scarlet mallow 

--i 1 

B 19534 

6:3d 

I (Oreocarpa sp.). 

i 1 

B 19535 

6:3e 

Sunflower 

i 2 

Bi953fi 

' 6:3f 

1 Corn 5 

— 10 

B195:37, 

^ 63g 

; S tanleya f Stantepa pi nnata) 

i 330 

B1953S 

: ,63h 

i Cocklebur 

! : 6 

B19539. 

,) 6'3i 

Spurge 

' i 10 

B 19540 

6:3] 

! False buffalo grass . _ 

4 

B 19541...... 

6:3k: 

Turpentine weed {Gutierrezia sarothrae) 

i,.., 70 

B 1,9512 

^ 631 

i .applopappus (Applopappus fremonti] 

' : 320 

B 19543 

. 6:3m..... 

1 Narrow-leaved milkveteh (Astragalus pecUnatus) 

: 4, 000 


i All aaalj'ses by K, T. Williams and H. W. Lakin, Bureau of Chemistry and Soils. U. S. Department 
of Agriculture. 

* Fields located in Kiowa County, Colo., near center sec. 23, T. 18 S., R. 51 W. 

» From cultivated field at edge of plot growing under similar soil conditions. 

^ Fields located in Kiowa County, Colo., 80 rods north of southwest corner see. 8, T. 19 S., E. 51 W. 

* Volunteer plant, at edge of plot growing under similar soil conditions. 


CONCLUSIONS 

From observations made over wide areas where seleniferous soils 
occur in juxtaposition to soils relatively free from selenium, and from 
the examination of several thousand plant samples for selenium, it is 
believed that plants may be classified in three broad groups in relation 
to their tolerance of selerduta in the soil. Incidentally, it may be 
remarked that hydrogen-ion concentration does not appear to be an 
iinportant influence in relation to selenium absorption. The soils 
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liere specifically mentioned all have a pH value in excess of 7^ the 
range being 7.5 to 8.4. 

(1) Plant-s that absorb selenium readily: Among these Sive Astragalus 
racemosus (fig. 5). A. pectinatus, A, bisulcatus, A. carolmianus 
Stanleya pinnata, S. hipinnata, Applopappusjrernonti, Xylorrhiza parryi 
(A. Gray) Greene, ancl probably other species of the same and different 
genera. It is not to be inferred that all species of a given genus possess 
like properties in this respect, since some of the species of Astragalus^ 
notably A. missouriensis, A. mollissimus^ and A. drummondii DougL, 
have been found to contain very small quantities of selenium even 
when growing on very seleniferous soil. In almost every location 



FiGinKE 5. — Astragalus racemosus root system developed in Apishapa shale. Note limonite and niarcaaite 
concretion at location of penknifeand small feederroots of the Astragalus at this place in the shale. Pueblo 
County, Colo., Aug. 29, 1936. 

where these Ifighly selenized plants have been found on seleniferous 
soil, they have been wholly absent or very rare on adjacent nonselenif- 
eroiis areas. Since analyses show these plants to be consistently 
liigh in selenium and to be growing vdgorously even with a very high 
content, it seems possible that selenium may be of importance to their 
physiological processes. This suggestion is ^ emphasized by the 
observed fact that in Trego and Ellis Counties, Kans,, the three species 
of Astragalus mentioned were found well distributed over the soil 
areas derived from Smoky Hill shale but were not observed beyond 
the eastern limit of such soil. 

(2) Plants that are able to absorb moderate, or even large, quan- 
tities of seleiiium without severe injury: Such plants are found 
widely distributed on both seleniferous and nonseleniferous areas. 
Among such plants are white wreath aster, blue aster, turpentine 
.weed, simiSower, western wheatgrass (Afropyroii Kyab.),, and 

perhaps others. Included in this group are the common cereals, 
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wheat:, :iyej barley, and com. To what extent the growth of such, 
plants is retarded by the presence of small quantities of selenium is 
not kiiow:ii, but it is certain that there is a rather low tolerance limit 

for the soil. 

(3) Plants that have a very limited tolerance of selenium and are 
able to absorb only small quantities when grown on seleniferoiis 
soils: In places where the concentration of selenium in the surface 
soils is high these plants either do not appear or they are of limited 
occurrence and :make poor growth. The most notable examples of 
this group are buffalo grass and the grama grasses Bouteloua gracilis 
and B. euriipenfhda. 



THE SUSCEPTIBILITY OP POTATOES TO THE VEIX- 
BANDING VIRUS ' 


Bv Leon K. Jones, associate plant pathologist, and C. L. Vincent, associaie 
horticiiltwn^^ Washi-ngton Agricultural Experiment Station 

INTRODUCTION 

Tests in connection with tuber indexing of commercial lots of seed 
potatoes (Sotoium. tuberosum. L.) in 1929-32 showed that the Yeiii- 
baiiding virus was responsible for a large amoiint of loss to potato 
growers in the State of Washington. Since this virus spread rapidly 
111 field plantings in the vicinity of Pullman, an opportiinit}' was 
afforded to study (1) its rate of spread, (2) its effect upon varieties 
and seedling clones, and (3) the degree of resistance of varieties and 
seedling clones to infection under field conditions. 

Numerous tests with the vein-banding virus discussed in this paper 
have shown it to have the following characters: Kemains active in 
vitro at room temperature for 4 to 6 days and in dried plant tissue 
17 to oO days (f)^; inactivated in vitro at 55° C. for 10 minutes; 
produces spot necrosis of tobacco and tomato plants when used as 
inoculum in combination with the potato latent virus; is transmitted 
by aphids {Myzus persicae Siilz.): does not infect Datura strarnonimn 
L. ; and does not modify the expression of tobacco mosaic on tobacco 
or tomato plants. This virus evidenth^ is a variant of tlie Y virus 
(5, 10) and corresponds to potato virus 20 in the tentative classifica- 
tion of viruses by the international committee.® 

The term latent virus as used in this paper refers to the mild latent 
form (6), a variant of the X virus (10) and possibly the same as 
potato virus 16.® 

The terms used in the text and in the tables to denote symptoms 
that were observed in the plants infected by viruses may be defined 
as follows: 

Crinkling. — Slight, wavy unevenness of the leaf blade as contrasted with the 
smooth appearance of healthy foliage. 

Curly divarf. — Pronounced dwarfing, rugosity, curling, brittleness, and aeropetal 
necrosis of leaves and stems (fig. 1) . 

Mottling. — Spotting of leaf blades by light green areas which vary in size, 
shape and degree of paleness. 

Necrosis. — Premature death of tissues resulting in a brown discoloration. 

Rugose mosaic. — Dwarfing, diffuse mottling, rugosity, necrotic spotting and 
acropetal dropping of foliage. 

Spot 7iecrosis. — Somewhat irregular, necrotic spots and chlorotic lines in the 
foliage, preceded by vein clearing and rugosity in tobacco leaves, caused by the 
combined action of the latent and the vein-banding viruses (ff). 

Streak. — -Brown to black necrotic areas in leaves and steins of tomato plants, 
caused the combination of the potato latent virus and the tobacco mosaic 
virus (i?) . ' ' . 

Tobacco 7nosaic. — Mottling of tobacco or tomato foliage caused by the tobacco 
mosaic virus 1 (4). 


^ Received for publication Nov. 30, 1S36; issued August 1937. Published as Scientific Paper no. 35^, 
College of Agriculture and Experiment Station, State College of Washington. 

2 Reference is made by number (italic) to Literature Cited, p. 79. 

3 INIEENATIONAL COMMITTEE ON .DESCRIPTION AND. NOMENCLATURE OF PLANT VIRUSES, ILLUSTEATION 
OF PROPOSED SYSTEM OP NOMENCLATURE FOR PLANT VIRUSES. ^ 1936. [Mimeographed report.] , 
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Figure L— Curly dwarf symptoms produced in potato plants by the vein-banding virus: -.4, Chippewa; 

B, Katahdin. 

T(}'p necrosis . — Necrotic spotting and premature death of upper portions of 
the plant, progressing downward. 

Vein handing . — Slight mottling of tobacco leaves by interveinal light green 
areas in contrast to the nonnal green adjacent to the veins iA). 

METHODS 

Varieties and seedling clones of potatoes were planted in the field 
near Pullman each summer from 1932 to 1936, inclusive, xit least 
two field observations were made each season to note the symptoms 
and the rate of spread of viruses. The viruses occurring in the field 
plantings have been identified by tests in the greenhouse during the 
winter months each year. The earlier tests were made with 1 tuber 
from each Mil but in the later tests 5 to 20 tubers from each variety 
or clone were indexed. 

The index potato plants were tested in the greenhouse by inoculat- 
ing from each potato plant into six tobacco plants as foUows: Two 
with macerated potato-leaf tissue alone; two with macerated potato- 
leaf tissue plus macerated tobacco tissue infected by the latent virus; 
and two vith macerated potato-leaf tissue plus macerated tobacco 
tissue infected ^ by the vein-Banding virus. Since the latent and 
vein-bmiding viruses together pi'oduce distinctive symptoms of spot 
necrosis when incoluated into tobacco plants, the presence of the 
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Teiii-baiidiiig viriis or the latent virus in the potato plants was reaclih" 
detemiiiied. 

All iiiociilations into plants were made with macerated plant tissue 
a.C‘Cordiiig to the method described by Jones (o) with t,lie use of earbo- 
riiiidiim as described bj^ Rawlins and Tompkins (7). 

FIELD TESTS WITH THE PROGENY OF A VIRFS-FREE EARLY ROSE 

TUBER 

During the winter of 1929, when indexing commercial, stock, a 
single tuber of the Early Rose variety was found to be free from both 
the latent and the vein-banding viruses (2), Yiriis-free stock from 
this tuber was developed under cloth chambers in the greenhouse 
during the winter months of 1929-31 until 142 virus-free tubers were 
available. This stock was planted in the field in 1932, and its progeny 
was grown in the field in 1933 and 1934. All plantings were made in 



Figure 2.— IMottling of potato leaflets caused by the veiu-banding virus: A, Early Rose; B, Katahdiu, 


locations at least one-half mile from other potatoes, except that virus- 
free seedlings were included in the planting in 1933. 

Each winter one tuber from each lull produced the previous season 
was indexed in the greenhouse. The nature of the virus found in the 
plants was studied by inoculations from each potato plant into tobacco 
plants, according to the method described above. 

The results of these tests show that the 142 hills grown in 1932 
remained virus-free; the 314 hills grown in 1933 became 59 percent 
mfected; and the 840 lulls grown in 1934 became 100 percent infected 
with the vein-banding virus during the growing season. No other 
virus was noted in the Early Rose stock. The symptoms produced 
by the vem-banding virus were similar to those associated with mild 
mosaic, wMch included slight dwarfing of the plants and mild mottling 
and crinkliug of the foliage (fig. 2, A). 
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III December 1932, following the harvest of the 142 hills one tuber 
from each hill was planted in the greenhouse for indexing. After the 
index tests with tobacco and tomato plants had shown all plants to 
be free from viruses the plants were grouped in series of four plants 
each, separated from one another bi" cloth partitions. The first group 
of four plants was then inoculated" with the latent virus; the second 
with the vein-baiidiiig virus: the third with the combination of these 
two viruses; and the fourth was uninocuiated. Six weeks later inocu- 
lations were made from portions of each potato plant into tobacco and 
tomato plants. A summary of the results of these tests is .shown in 
table 1 . 


Table 1 . — Resnlis of Dirus inociilations into virus-free Early Rose potato plants,^ 

Pullman, Wash.^ 1933 


Inoculum from 

Symptoms produced by inoculations from infected potato foliage in— 

Tobacco plants 

Tomato plants 

, Potato in- 

Potato inocu- ^ oculum 
liim alone plus latent 
virus 

Potato inocu- 
lum plus 
vein-banding 
virus 

: Potato in- 

Potato inoeti- ; 

; sale virus 

Vein-banding ■ Crinkling. 

mottling. 

\ ein-hancling plus 1 .Rugose mo- i 
.latent, i sale. 

Latent — Crinkling . . n 

Control None ' 

Vein banding-: ^Pot ne- 
crosis. 

Spot necrosis.; ...do 

Mottling i Mottling-' 

None 1 ...do 

Vein band- 
ing. 

Spot necrosis. 

— -do 

Vein banding.. 

Vein banding ! Tobacco 
i mosaic. 

Spot necrosis.; Streak. 

I Mottling i Do. 

None Tobacco 

mosaic. 


■ : 'T’jie Early Rose plants were found to be virus-free by inoculations from the foliage of each potato plant 
into tobacco plant.s; 4 plants used in each test. 


The vein-banding virus, mechanically inoculated into the virus- 
free Early Rose stock, produced a definite mottling and crinkling of 
the foliage similar to the symptoms noted in plants naturally infected 
in the field. The latent virus produced slight crinkling %mptoms 
without mottling, while the combination of vein-banding and latent 
'rimses produced mottling and rugosity of the foliage and necrosis of 
the lower leaves, symptoms conunonly associated with the term 
"rugose mosaic.” 


TESTS WITH SEEDLING CLONES 

SEED furnished BY THE UNITED STATES DEPARTMENT OF AGRICULTURE 

TMrty-one seedling clones, having desirable plant growth, tuber 
yield, and shape were increased in the greenhouse during the winters 
ol 1931 and 1932 from the seeds of potato (no. x325: Green Mountain 
xKatahdin) furnished in 1929 by C. F. Clark of the United States 
Uepartment of Agriculture. Index tests writh this stock in the green- 
house dunng the spring of 1933 show'ed no viruses present in the 
tub^. pvo to thirteen liiUs of each virus-free clone w’ere planted in 
the held along with the -virus-freae Early Rose stock in 1 933 . Indexing 
ot one tuber from each hill during the winter of 1933-34 showed that 
plants 01 the seedling clones became infected by the vein-banding 
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virus in tlie field as follows: 13 clones^ 100 percent; 6 clones^ over 50 
percent; 5 clones, 10 to 50 percent; 7 clones viriis-free. The results 
of these tests indicate that the seedling clones differed in siisceptibilitv 
to infection by the vein-banding virus. 

LOCALLY DEVELOPED SEED 

A large number of seedling clones of potatoes have been developed 
b}-^ the junior author, and the more promising ones have been grown 
on the farm of the State College of Washington for 2 to 13 I'ears. A 


Figijee S.—Mottling and necrosis produced in seedling potato leaves by the vein-banding virus: U, 
Seedling 1165-7; B, seedling 1152-19; C, seedling 1358; B, seedling 1045-3. 

row of potatoes infected by the vein-banding, latent, and leaf-roll 
viruses was planted every third to fifth row, throughout the field, each 
season. Although the seedlings were not uniformly exposed to infec- 
tion by these viruses ample opportunity for mfection was affoird 
therefore, large and consistent differences in the percent of ciisease 
noted in the clones should be significant. 

Field examinations of the sellings were made during 1935-36 and 
the prevalence of viruses and attendant symptoms was recorded. ^ All 
of the virus-free clones and those recorded" as ^ Virus infection question- 
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able.^'’ from tlie field observations as well as many of the virus-infected ’ 
clones were indexed each vdnter. Five to twenty tubers represeiitmg' 
each clone to be tested were planted in the greenhouse and the indexing 
consisted in observing the s3miptoms of disease^ if any^ shown by each 
plant and inoculating with macerated leaf tissue from each potato' 
plant into tobacco plants according to the method described above. 

Table 2. — EestiUi of tests with seedling strams of potatoes to determine susceptihilipij 
to infection by the vein-handing virus 


Seedling no. * 

Parentage 

! 

Clones I 

Ob- ! 

served | 

Years 

grown 

in 

field 

Clones 
virus- 
free 2 

Clones showing 
symptoms of 
vein-banding 

Mot- 

tling 

Necro- 

sis 



Xambcr 

Number 

Number 

Number 

Number 


Earlr Siv Weebs V ATf’r’nrmiok 

2 

12 

0 

2 




1 

11 

0 

1 


194-208 . 

Earlv Xortiiern X IMcGormick.. 

4 

9 

0 

4 


102S-1064 

Keeper, seifed 

10 

7 

0 

9 

I 

1055-1067 - 


10 

7 

0 

10 


10&8 

xrcCoriniek 

1 

7 

0 

1 


1069-.. . 

216-3 X 205-2. 

3 

7 

0 

3 


1145-114S 

iMcCormiefc X Keeper 

8 

7 

0 

7 

4 

1152-1154 . 

Keeper X 198-13 

3 


0 

3 


1157-1169 - - 

Irish Cobbler X Keeper 

02 

6 

0 

22 


H71-11S0.: 

American Wonder X* Keeper 

22 

6 

0 

20 

2 

1181 

1026, seifed 

2 

fi 

0 

2 


1203-1358 

Russet Burbank, seifed 

fT 

6 

0 

6 


1425-1426 

American Wonder X Keeper... 


6 

0 

7 

2 

1582 - 


1 

6 

0 

1 


1611-1736 

do 

3 

5 

0 

2 

1 

1807-1953 

Katabdin, seifed — 

73 

4 

2 

62 

11 

1954-2082 

205-2, seifed 

64 

4 

0 

64 

1 

2103-2150. - . 

Irish Cobbler, seifed. 

3 

4 

0 

3 


2159-2382 

IshlO. seifed.' ' 

97 

4 

0 

97 


2384-2417— 

57-1, seifed 

26 

4 

0 

26 


2418-2451 

198-2, seifed 

21 

4 

0 

21 


2518-2615 - ' 

Katahdin, seifed 

97 

I 2 

.5 

83 

9 

2516-2630 ' 

205-5 X 208-5, seifed. 

15 

1 2 

0 

15 


2631-2646 

1147-2 X 1046-3, seifed 

16 

I 2 

0 

16 


2647-2745 - 

Katahdin, seifed 

99 

1 2 

8 

75 

16 

2746-2756 

1,047-2 X iratahd,i,n 

i 11 

2 

0 

9 

2 

2757-2842, 

1321, seifed,., 

86 

2 

0 

Sfi 


2843-2878 

1148-1 X 1155-14, seifed 

36 

2 

0 

33 

3 

2879-2902 

1157-13 X Katahdin 

24 

2 

1 

13 

11 

2903-2949 

i 1142-1 y 1155-14-, 

47 

1 2 

0 

43 

4 

2950.,- 

200-5. seifed. 

1 

i 2 

0 

' 1 


2951-2953 

i 1163-1 X 1069-4 

3 

I 2 

0 

3 


2954-2956 

i Katahdin X Eureka... . 

3 

! 2 

0 

3 


2957-2973. 

i 1148-1 X 1,065-3-., 

16 

1 2 

0 

15 

1 

2974-3011... . 

Katahdin X 1185 

38 


5 

18 

15 

3012-3026...,.,. 

1159-13 X Katabdin 

I 

1 2 

0 

9 

5 

3027-3091 

205-2, seifed 

! ■ 65 

1 2 

0 

65 


3092-3099.. 

Katahdin X 1425-9 

! S 

2 

0 

2 

6 

3100-3105. .... 

Katahdin X 1154-13 

! 6 

1 2 

0 

4 

2 

3106-3113.,.,...., 

1 175-15' X Katahdin 

1 8 

i 2 

0 


1 

3114-3127- 

1148-1 X 1025-2 

14 

1 2 

0 

14 


3128-3133 

Katahdin X 1154-3. ... 

6 

I 2 

0 

4 

2 

3134-3168.,-.... 

200-5 X Katahdin ... 

35 

! 2 

1 

28 

6 

3169-3176,., 

Katahdin X 1321 

6 

2 

1 

2 

3 

3177-3182 

Katabdin X 1328 

6 

j 2 

1 

3 

2 

3183-4293...,-,.. 

Katahdiib seifed . ... 

1, 096 

1 2 

56 

922 

118 

4294-4326 

20,5-2 X Katahdin.--- .. .. 

33 

2 

5 

23 

5 

4327-4375 

205-2, se,lfed ■ 

49 

9 

0 

49 


4376-4425.-.-,.,., 

1 157-8, seifed ... . 

50 

2 

0 

47 

3 

4426-4,509 

205-2, seifed 

84 

2 

0 

83 

1 

4510-4542 - 

198-2, , seifed.,.. ■ ... 

33 

2 

0 

33 

4543-4558 

1033-4, seifed - .... .. 

15 

i 

0 

15 


4559-4590 

I9S-2, seifed , 

32 

i ■ 2 

0 

31 

1 

4591-4599 

Kata,hdin, seifed. ....... ..... 

9 


4 

,", '2 

3 


J Eecortls of seedling clones 50 to 318?, inclusive, were made in 1935. Eecords of clones 3183-4599, inclusive, 
were made in 1936. 

3 Determined by field observations on 50 or more hills in each clone, and bv greenhouse tests with all 
clones recorded as virus-free and with many of the clones recorded as virus -infected. 
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Eesiilts of the tests with seedling clones developed from crossed and 
selfed varieties of potatoes showed that Katahdin was the onlj" parent 
that transmitted resistance to infection bv the vein-banding mriis 
(table 2). Of the 1,572 clones, 89 (5.7 percent) developed from 
Ivatahdin as a parent remained mrus-free in the field for 2 to 4 ^mars. 
The remaining 878 clones developed without Katahdin as a parent 
became 100-percent infected by the vein-bandiiig virus during the 2 
to 12 seasons that they were grown in the field. 

Marked variation in symptoms, from little or no mottling to moder- 
ate or strong mottling of the foliage as well as various degrees of stem 



Figure 4.— Variation in symptoms produced in seedling potatoes by the vein-banding virus: U, Acropeta! 
necrosis in seedling 1425-9; n, acronecrosis in seedling 1149-2. 


and leaf necrosis, was noted in plants infected by the vein-banding 
virus only (figs. 3 and 4). These observations are similar to those 
reported by Schultz et ah (9), This variation in symptoms was 
exhibited by different clones, as the symptoms in all the infected plants 
of a given clone were uniform. The inoculations into tobacco plants 
from macerated foliage from each potato plant showed that no X-type 
virus ivas associated with this variation. Although some unknown 
virus that could not be detected by mechanical inoculation into iiidi- 
cator plants of tobacco may have been present, it appears :that the 
variation in symptoms in the different clones was caused by the vein- 




Figure S.—Necrosiis in veins in leaf of Chippewa, a symptom of current season infection by the vein- 
banding virus. 


banding virus alone. Curly dwarf symptoms with acropetal necrosis 
and necrosis in leaf veins (figs. 1 and o), described in England {10) as 
symptoms associated with Y-virus infection, were noted in many of 
the clones. 

In manjv of the clones all the plants have shown only a mild to 
moderate mottling in the fol age and ha ve continued to grow vigorously 
and produce a good yield in the field even though infected by the vein- 
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banding virus. This indicates the possibility of producing seedlings 
that will be high!}" tolerant to the presence of this virus. 

Clones 1028-9, 1066-3, 1145-19, and 1358 showed low percentages 
of infection by the latent virus, and clones 1069-9, 1154-12 and 1167-7 
showed low percentages of infection by the leaf-roll virus, during the 6 
to 12 years of field culture. No other -vuruses appeared in the field 
plantings. 

TESTS WITH COMMERCIAL VARIETIES 

Seven commercial varieties of potatoes, and strain no. 41956 
fiiriiished by the United States Department of Agriciilture, were 
grown in 1934 and 1935 in the field with the seedling^^clones to deter- 
mine the rate of spread of the vein-banding virus to these varieties. 
Field observations during the eaidy part of the first growing season 
showed that the Bliss Triumph, Gold Coin, Irish Cobbler, and Russet 
Burbank were practically free from rugose mosaic and other viruses. 
Tests in the greenhouse showed that the above four varieties were 
carriers of the latent virus, while the Chippewa, Katahdin, Warba, and 
U. S. 41956 were free from both the latent virus and the vein-banding 
\uriis when planted in the field in 1934. 

Observations were made each growing season to determine tlie 
rate of spread of viruses, based on symptom expression. Following 
harvest in 1935 representative samples of 10 to 40 tubers from each 
variety were indexed and tested on tobacco plants to determiiie their 
virus content (table 3). 


Table 3. — The spread of the vein-hartding viri(s to varieties of potatoes groivti in 
the field for 2 years ^ Pullman, Wash,, 1934—Sd ^ 


A’ariety 

Hills 
harv'ested 
in 1935 

.S ymptoras 

Hills aJfect- 
ed with 
vein, 
banding 

Bliss Triumph 

Xiimber 

125 

Rogose mosaic 

.Pfrc/^nt 

UBO 

Chippewa - 

1,083 

1 Curly dwarf 

40 

Gold Coin - 

i 95 

1 Rugose mosaic - 

1 5 100 

Irish Cobbler : 

! 857 

1 do 

1 3 100 

Katahdin — 

i 2,777 , 

1 Curly dwarf 

: 31 

Russet Burbank (strain 1) 

' 7 124 

Rup'ose mosaic . - 

I 270 

Russet Burbank (strain 2).. 

778 ■ 

i ^do- 

1 2 25 

U. S. 41956. 

: -33 

AlottUng 

i 100 

V'arba 

i 1, 083 

! Curlv dwarf.. 

. 1(» 


' Greenhouse tests showed that the Bliss Triumph, Gold Coin. Irish Cobbler, and Russet Burbank stock 
was 100-percent infected by the latent vims, and that the Chippewa. Katahdin. S. 41956, and Warba 
stock was virus-free, when planted in the field in 1934. 

2 Mixed infection by the vein-banding and latent viruses. 


These tests showed that all the varieties are susceptible to field 
infection by the vein-banding virus. The Katahdin, Cliippewa, and 
Russet Burbank varieties showed some resistance by not becoming 
lOO-percent affected during the 2 years in the field; all other varieties 
became lOO-percent affected under similar conditions of exposure. The 
Katahdin, Cliippewa, and Warba varieties when mfected by the 
vein-banding virus usually show a definite mottling of the folia^ge (fig. 
2, R) and necrosis in the veins of the lower leaves (fig: 5) during the 
season of infection, but the progeny .ordinarily shoAvs extreme wuiiy 
dwarf symptoms in the next season (fig. 1). Of the three varieties, 
Warba was the most susceptible to infection and showed the most 
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severe ciuiv clwarf syiiiptoiiis. Seedling U. S. 41956^, wliicii is resistant 
to ^ the latent viras (3, S, 9)^ is very susceptible to infection by the 
veiii-bandiiig Tiriis, but the infected plants show only a moderate 
mosaic iiiottliiig without necrosis. 

Gold Coin, Bliss Triumph, Irish Cobbler, and Eusset Burbank 
plants, wiiicli a”re carriers of the . latent virus, show mottling and 
acropetal necrosis (rugose mosaic) when infected by the vein-banding 
viiuis.^ 

Series of 5 to 50 potato plants were inoculated with the vein-banding 
virus ill the greenhouse during the winter months of 1934-36 as follows: 
six series of Katalidiii (totaling 129 plants): two series of Green 
Mountain (IS plants): two series^! Irish Cobbler (10^ plants) : and one 
series of Early Rose (10 plants). With each series of inociilated plants 
a like number of potato plants were left iiniiioculated as controls. 
Several sources of the veiu-banding virus were used in the inoculation 
of the different series as follows: Early Rose, Katalidin, seedling 2038, 
and seedling 2277. The mruses were obtained from potato plants 
naturally infected in the field and were transferred to tobacco plants in 
the greenlioiise before being inoculated into the potato plants. The 
four isolations of the vein-banding virus were inoculated into different 
series of Katalidin but the viruses from Early Rose and seedling 2038 
were used in the inoculations into the other varieties. 

The potato plants inoculated with the vein-banding^ virus became 
infected as follows: Katalidin, 84 percent: Green )iIoiiiitaiii, 84 percent; 
Irish Cobbler and Early Rose, 100 percent. The lower percentage of 
infection of the inoculated Katalidin and Green Mountain plants 
indicates a degree of resistance to the vein-banding vims. 

Yirus-free Katalidin, mechanically inoculated with the vein-banding 
virus, sliow^ed necrosis and curly dwarf symptons, whereas latent-viriis- 
infected Green Mountain, Irish Cobbler, and Early Rose, mechanic- 
ally inoculated with the vein-banding virus, show^ed rugose mosaic 
symptoms. The symptoms produced by mechanical inoculation were 
similar to those observed in plants naturally infected in the field. 

SUMMARY 

Field and greenhouse tests with progeny of a single yirus-free Early 
Rose tuber and seedling clones of potatoes have showm that the vein- 
banding virus spreads very rapidly in the vicinity of Piillman, Wash. 

Tests with seedlings developed from crossing and selfing American 
Wonder, Bovee, Russet Burbank, Early .Northern, Early Six Weeks, 
Irish Cobbler, eJersey Red Sldn, Katalidin, Keeper, Late Rose, and 
^leCoriiiick varieties and their seedling progeny have showui that only 
the Katalicliii , variety transmitted to progeny resistance to infection 
by the vein-banding virus. 

In tests with the seedling clones marked variation in sympto.ms, 
from little or no mottling to moderate or strong mottling of the 
foliage, as w^ell as various degrees of stem a,nd leal necrosis, was. noted 
in plants i.n.fected by. only the vein-banding virus. Tliis variation, in 
symptoms w^as exliibited by different clones, as the syiiiptoms in all of 
the infected plants of a given .clone were uniform. 

Chippew'a, Green Mountain, Katalidin, and Russet, Burbank 
siiow^ecl some resistance to }nfectio,n by the vein banding virus as 
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compared with the very susceptible Bliss Triumph, Early Rose, Gold 
‘Coin, Irish Cobbler, and Warba. 

Chippewa, Katahdin, and Warba, ^which were virus-free, usually 
showed dwarfing and extreme necrosis symptoms when infected by 
the vein-banding virus. Bliss Triumph, Early Rose, Gold Coin, 
Green Mountain, Irish Cobbler, and Russet Burbank, which were 
carriers of the latent vhus, showed rugose mosaic symptoms when 
infected by the vein-banding virus. 
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OBSERVATIONS ON THE EFFECT OF ENVIRONMENTAL 
CONDITIONS ON THE STRUCTURE OF THE LATERAL 
ROOTS IN SUGAR BEET ' 

By Ernst Artschwager 

Pathologist, Division of Sugar Plant Investigations, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

Plants of sugar beet {Beta vulgaris L.) at State College, N. Mex., 
which were being grown for seed pi^oduction hy the OTerwintering-in- 
the-field niethod in the fall of 1935 and spring of 1936, afforded an 
opportunity for the study of growth and development under a variety 
of conditions. In the experimental plantings " the influence of pre- 
vious cropping practices upon seed fields w^as being determined by a 
series of replicated plots. In this series of plots during the spring 
and summer of 1935 such crops as cantaloups (pucmnis imlo L.), 
cowpeas {Vigtia sinensis (Torner) Savi), Sesbania spp., corn (Zen 
mays L.), and Sudan grass {Sorghum vulgar e var. siidamense (Piper) 
Hitchc.) had been grown, and the effects of these crops on the sub- 
sequent sugar-beet seed crop, in contrast to fallowing the soil, vrere 
under test. In the fall of 1935 noticeable differences in the top growth 
and apparent vigor of the sugar-beet plants w^ere evident, the fallow 
plots showing greatest grow-th; the preceding crops in their effects 
could be ranked in the order given, Sesbania, corn, and Sudan grass 
being definitely retarding in their influence on fall growih. The 
inequalit}^ found in the fall was apparent even after growth started 
in 1936. However, about the middle of Alarch the different plots 
began to take on a more uniform appearance. With the advent of 
seedstalk formation, plots that had made a relatively poor showing 
in the fall, such as those previously cropped to corn, could hardly be 
distinguished from the better looking plots of the series. 

The variations in soil type, field contour, insect infestation, and 
previous handling made it possible to secure from the experimental 
plots a nimiber of collections of sugar-beet roots representing a range 
of exposures to diverse enviionmental conditions. Attempt w^as 
made by study of lateral root structine to link the deviations from 
normal development wdth the environmental conditions w^hich ob- 
tained in the soil surrounding the roots selected. The study yyas lini- 
ited to the lateral root structui’es and is presented as a preliminary ^ap- 
proach in a field of research about which there exists little information. 

MATERIAL AND METHODS 

The material for study wms obtained from the overwintered sugar- 
beet plants, after active growth had been resumed in the spring. The 

1 Received for publication Oet, 29, 1930; issued August 1937. 

■ Cooper.^tive experiments cn sugar-beet seed production of the New .Mexico AgricnltiirarExperiineiit 
.Station and tbe Division of Sugar Plant Investigations,- Bureau of Plant .Industry, U. S. .Department 
of Agrieulture. ..... * 
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sugar-beet seed had been planted in early September; cleTelopment of 
the seedlings was rapid during the fall and early winter. ^ Growth 
coiitiniied even during the brief 'wdiiter months ^aiid %vas actively re- 
sumed earl}’’ in March. The plants to be examined were dug vith a 
large clump of the adobe soil adhering and taken to the laboratory. 
The plants with the adhering soil w^ere soaked in a large tub filled 
with water. The loosened soil w'as then carefully removed, ^ after 
which each taproot with the laterals wurs placed in a shallow" dish of 
water. The rootlets were cut off close to the taproot and tied together 
in bundles of about 100 each. The bundles were then cut to a length 
of tlu'ee-qiiarters of an inch, fixed, embedded, and cut as single units. 
This arraiigemeiit made possible the handling of a large number of 
rootlets and facilitated comparative study under the microscope. In 
one or tw"o cases where the stand was sparse only two taproots were 
used as a source of lateral rootlets, but in most cases five or six tap- 
roots furnished the lateral rootlets used in tins study. The material 
was fixed in Karpechenko solution and stained with Delafield haema- 
toxylin. 


DISTRIBUTION, ORIGIN, AND STRUCTURE OP LATERAL ROOTLETS 

The lateral rootlets of the sugar beet are filiform and generally are 
spread horizontally, remaining confined mostly to the topsoil to the 
depth of a deep furrow. According to xAndrew"s,® the lateral roots 
permeate every cubic centimeter of topsoil to a depth of 8 to 14 
inches and extend laterally 2 feet or more. The adobe nature of the 
soil made it difficult to trace the individual rootlets for more than 15 
inches, but the observations by Andrew"s cited above and those of 
European investigators^ show concluswely that the horizontal spread 
of the laterals extends some distance beyond the confines of the 
individual rows. 

The lateral roots are wiiitish and, for any given taproot, of approx- 
imately equal diameter, save for a few scattered iiidividiials. They 
occur in twro more or less distinct rows along the flattened side of the 
taproot. As is usual for lateral rootlets, those of the beet have their 
origin in the peiicyele (pL 1, A); but, as the taproot increases in 
thickness, laterals that are later formed arise from the more peripheral 
rings of growth. The rootlets are covered for a considerable distance 
with rather long root hairs that remain alive for a long time. 

The anatomical structure of a lateral rootlet is simple; each rootlet 
consists of a broad though few-celled cortex surrounding a miniature 
stele with the usual type of tissue arrangement (fig. 1). This structure 
differs from that of the taproot in its protoxylem plate, in the absence 
of secondary growili, and in the lack of periderm. 

CENTRAL CYLINDER WITH ITS ENDODERMIS 

The central cylinder is made up of the protoxylem plate with alter- 
nating pliloem groups, a single-layered pericycle, and a band of, 
parenchyma between xylem and phloem, in which a few tangential 
^visions, the initials of a rudimentary cambium, are discernible. 
Similar tangential diMsions niay be observed in the pericycle, and 

2 Andrews, L. K.; the relation of the sugar beet, root sy,stem to ■increased yield. Through 
tile .Leaves 15: 17-211, illiis. 1927., 

A\"ries, H. ,DE BEIT.RAGE 21TR SPEaELLEN PHYSIOLOGIE LANDWIRTSCHAFTLICBER CtTLTURPFLANZEN. 

mutiw. Jahrb. 8: |417j-m illus. . 1879. , 




Latera Roots 


, Cross section of lateral rootlet with emerging tertiary root. The thiekeneti endodermal cells form an 
unbroken semicircle. B, Thick-wailed endodermal cells of tertiary" root continuous with those of parent 
root which has a broken type of endodermis. ' Both'. X. 450, 





5 ® 


1, Tmrisverse section of lateral rootlet with unbroken type of endodermis. jB, Unbroken thick-walled 
endodtrniis two cells wide in places. C» Partially broken type of thick-walled endodermis. D, Broken 
type uf thick-walled endodermis. Note that the thin-walied cells lie opposite the protoxylem points. 
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tilthougli a complete phellogen may occasionally be formed, a periderm 

is never developed. 

The protoxylem plate of the taproot is diarch. In the lateral root- 
lets such plates are not uncommon, but the bulk of the laterals is 
triarch, and in larger rootlets, though not limited to them, tetrarch 
plates are often found. The protoxylem of the plates of older rootlets 



Figure 1.— Cross section of lateral rootlet of sugar beet: en, Endoderiiiis composed of thick- and thin- 
, walled cells; p, pericyele (some of tlie cells have divided tangentially to form a partial phellogen); pk, 
phloem; px, protoxylem; c, cambium; corf, cortex. X 340. 

is aiigiiieiited by metaxylein eleineiits that sometimes give the eentral 
part of the rootlet the appearance of a solid xylem core. 

The endodermis is composed of a single layer of axially elongated 
cells which form a complete jacket around the central stele. The 
cells have the characteristic Casparian strips and in addition develop 
secondary thickenings W'hich are of cellulose and stain intensely with 
Delafield haematoxylin. These secondary thickenings may be 
present in all endodermal cells (pi. 2 , A), or they may be absent from 
certain sectors (pi. 2 , C, D); sometimes tliey are altogether wanting. 
Deferences in the patterns formed by the thickened cells result in 
three types of endodermis, as follows: ( 1 ) The ""unbroken” type, 
designated in the tables as, a, where the. thickened cells fomi axially 
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uninterrupted rows: ( 2 ) the “slightly broken^' designated as j3, 

where there is an occasional interpolation of an iinthickened member ; 
and ( 3 ) tlie “broken'' type, designated as 7 ^ where there is a substi- 
tution of additional thin-walled'^ cells. In the latter type the thin- 
walled cells usually lie opposite the protoxyleni points (fig. 1 and pi. 

D), blit this relation does not always hold true. In the broken 
tA'pe of eiidodermis there is often a great difference in the sizes of the 
eiidodermal cells (pL 2, D), a difference that is the more striking the 
greater the number of thin-walled cells. The ring of thickened 
eiidodermal cells is sometimes augmented, b}" the development of 
secondary thickenings in adjacent cortical cells (pi. 2 , B). At times 
secondary tliiekenings rna.}^ even be found in certain pericyclic cells. 
Wliere branch roots depart from a lateral, a continuity of the t.hickened 
endoderiiial cells of the parent and branch root is usually maintained 
(pi. 1 , B), 

EFFECT OF ENVIRONMENT ON LATERAL ROOT SYSTEM 

Tlie iiiffiience of the preceding crop in the rotation on the lateral 
root system of tlie sugar beet was studied on material from plots that 
had previously been planted to corn, Sudan grass, Sesbania, or cowpea, 
or that had been left fallow. For data on the influence of unfavorable 
enviromiient, plants were selected from waterlogged spots, poor sandy 
corners, and from areas in the plots in which the plants showed heavy 
infestation with plant lice on the young leaves. Most of the plants 
where growtli conditions were unfavorable showed a yellowish dis- 
colored foliage and poor top growth. Samples were taken in March 
after resumption of active vegetative growth and again just before 
bolting. 

Macroscopically, the root systems of the beets from the different 
plots were niiieii alike, save for individual variation. When top 
growth was compared, one was struck hj the fact that the plants 
from the rather poor-looking plots, such as those previously cropped 
to corn, had a root system equal and at times superior to those from 
the vigorous cowpea or fallow plots. Since the beets from the corn 
plot at time of bolting equaled those from the other field plots in 
vigor, it became quite evident that the well-developed root system 
of the beets from the corn plot was in a large measure responsible for 
their rapid subsequent development, notwithstanding their poor top 
growth showing during fall and early spring. 

However, the factors that influenced grass top and root develop- 
ment had no appreciable effect on the inner root structure, as may be 
seen from a study of table 1 . Taking as a criterion the large healthy 
plant with big taproot, no. 4 of table 1, the diameter of the laterals 
averaged a little more than 300ju., while the ratio of diameter of 
rootlet^ tO' diameter of the, stele inclusive of the endodermis was 
approxiniately, 2.51:1. The rootlets from the plot in which corn 
preceded .sugar beets had a slightly larger s.tele 5 and the ratio .of 
diameter of. .rootlet to diameter', of, .stele was 2.70: 1. , This 'was, a 
somewhat .lower ratio than that, observed in the rootlets, from the 
cowpea or fallow plots. 

Tliepi^otlets fro,m plants growing under imfavorabie environmental 
conditions . .gave less uniform data. .However, .the differences in 
structure were only ' quantitative ■ in character, since pathological 
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distiirbaiicesj so often associated with abnormal environment ^ had no 
infliieiice on the general make-up of the roots. 

The majority of the rootlets, from whatever source, had three 
protoxylem points. Roots^ with predominantly diarch plates were 
observed on only one occasion (table 1, item 5). They came from a 
rather unfavorable location and often exhibited pathological dis- 
turbances ill the phloem and adjacent tissues. The ratio of diameter 
of total root to diameter of stele, however, was approxiniateh^ the 
same as that of roots from a normal environment. 


Table 1 . — Measurements and microscopic data on the lateral roots of sugar-beet 

2}lants: Summary of data 



^Material 

Sam- 

ples 

Average diameter 

Ratio 
of total 
diame- 
ter of 

Pre- 

domi- 

nant 

pro- 

Fre- 
quency 
of endo- 

Reinarks 

z 

Description 

Entire 

root 

Stele 

rootlet 
to that 
of stele 

toxy- 

lem 

points 

dermis 

pattern 



Num- 

ber 

]X 

S.E. 


S.E. 


Num- 

ber 


V 

a 

a 0 7 

1 

With corn as preceding crop. 

15 

333 

=hS.6 

123 

±4. 6 

2.70:1 

3 

f) 

6 

3 


With cowpea as preceding 
crop. 

13 

343 

±8.4 

119 

±5.0 

2.88:1 

3 

i 

5 

6 

2 

. 

3 

s After fallow 

loi 

355 

±11. 1 

115 

±5.1 

3. 0S:1 


0 

2 

3 


r 

Large healthy plant with 
( big tap root. 

16| 

304 

±12. 8 

121 

±7.4 

2. 51:1 

1 3 

1 

3 

12 


5 

Small yellow plant from 

1 sandy corner of field. | 

11 

325 

±19. 3 

128 

±5.0 

2.54:1 

! 2 

9 

2 

0 

Many roots ne- 
crotic. 

6 

Plant with yellow leaves ^ 
and infested with plant ! 
lice. 

25: 

294 

±11. 5 

123 

±5. 9 

2.39:1 


4 

11 

10 



Small plant from poor stand 
in low spot. 

12 

225 

±13.0 

S3 

±4.1 

2.71:1 

3 

3 

4 

5 


S: 

Wedium-sized yellow' plant 
from waterlogged spot. 

1 24 

1 

2S1 

±31.2 

90 

±3.8 

3. 12: li 

i 

j 

3 

'■ 1 

12^ 

11 

i About 25 percent 
of the roots 
! , necrotic. 


The three types of endodermis, as illustrated in plate 2, A, C, and Z>, 
and referred to in table 1 as endodermis patterns a, y, were found in 
all root material, regardless of its source. Random observations on 
cross sections showed a prevalence of one or the other type, but this 
was seldom sufficiently definite to be significant. Roots from an 
apparently normal environment (from corn, cowpea, and fallow plots) 
showed the closed and broken types in fairly equal proportions, wliile 
the roots from plants growing in an imfavorable environment showed 
a preponderance of the broken type (table 1). An exception again is 
foimcl in the roots from a plot previously noted as having mostly diarch 
protox37-lem plates (table 1, item 5), in wMch the vascular cylinder was 
almost always jacketed with an endodermis of unbroken tliick-walled 
cells. 

PATHOLOGICAL DISTURBANCES 

It would be strange, indeed, if among the large number of rootlets 
belonging to a plant only normal individuals should be found; and it 
is noteworthy that in the case of the lateral rootlets of sugar beets 
grooving in what should be considered amormal environment the per- 
centage of diseased individuals is so small. If diseased rootlets are 
present at all, the type of injury is usually slight and often mechanical 
in nature, being limited to a destruction of small sectors of cortex and 
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rarely reaeiiing the Tasciilar tissue. At times, the entire cortex is 
more or less collapsed while the Auiseiilar tissue is still normal and 
capable of c^(:ui(liic ting water and nutrients. True pathological dis- 
turbances in tiie .Tasciilar tissue are sometimes found in the protoxyleni 
cells; these are seen filled with a gummy deposit, or may even contain 
micro-orgaiiisiiis. 

In plants grown under seemingly disadvantageous conditions, espe- 
cially when temporarily subjected to high water during the mnter 
months, the iiiimber of diseased rootlets may be cpiite large and the 
pathological picture fundamental and severe. Diseased xyleiii cells 
become quite eomiiioii and are often accompanied by pathological 
eliaiiges in the water-conducting cells or even b}" a diseased condition 
of the pliloeni (pi 3, .A), Phloem necrosis ni its inception is limited to 
a few pericyclic cells, those elements that were shown to be so sus- 
ceptible to virus invasion.'^ 

The diseased pericyclic cells are usually few and do not hypertrophy 
like those affected b.v the curly top virus. At times they separate and 
a red gummy deposit is found lodged in the intercellular space formed 
between the cells of the eridodermis and those of the pericycle. 
Usually, Iiowever, necrosis spreads from the pericycle to the phloem 
and the adjoining parenchyma cells, mvolving all phloeni groups^ or 
being limited to one or two, depending on whether the root in question 
is diarcii or has a larger number of protoxylem points. The necrotic 
lesions somewhat resemble those associated with the curly top disease, 
but, fulidaiiieiitally, they rather belong to the type found in potato 
plants affected with the leaf roll disease.*^' 

Necrosis in some of the rootlets has a stimulating effect on the 
pliellogen of the stil^ healthy sectors, causing the production of a partial 
multilayered periderm (pi. 3, B), A similar effect may also be noted 
on the normal cambium below the diseased phloem. 

SUMMARY 

Under normal conditions, the lateral rootlets of the sugar beet 
develop no secondary tissues and the protoxylem plates are predoiiii- 
naiitly triarch. The cells of the eiidodermis often develop secondary 
thickenings, forming an entire or partly broken thick-walled jacket 
around the vascular cylinder. If the thin-walled cells are few in 
iiimiber, they may well be likened to transfusion cells which are so 
common dll a tliiek-walled endodermis. 

The preceding crop in the rotation, while inliibiting mxlj top 
growth ill some plots (noticeably in beets after com), apparently 
did not affect root development; e. g., the sugar beets from the 
^'hifter-corn'’'' plot, characterized by less top growth, showed a root 
system equal to that of the luxurious “after-cowpea” plot. No 
signiieaiit structural differences were noted in any of the material 
coming from an apparently nomial environment ; but. distinct path- 
ological changes, especially in the nature of pliloem necrosis, were 
observed in plants grown under disadvantageous soil conditions. 

2 ArtschwaCtEE* E., and Stasrett, R. C, histological and cytological changes in beets affected 
WITH fiT.LY TOP. JouT. Agr. Researcli 53: 637-657, illus. 1936. 

s ARTSCH WAGER. E. OCCURRENCE AND SIGNIFICANCE OF PHLOEM NECROSIS' IN THE IRISH POTATO. JOUF. 
Agr. Keseurch 24: 237-245, i'llus. 1923. ■ 






L Diseased lateral rootlet showing deposit in protosylem cell and phloem necrosis. There is much 
vturiatioa in the size of the endodermal cells, most of which are thin-walled- B, Transverse section of 
diseased lateral rootlet. The rootlet is, triarch with two of tJ^ye phloem groups necrotic; above the third 
phloem group is a well-developed' several-layered periderm- 'Both X 7.M, 




EFFECT OF THE DWARF DISEASE ON THE ALFALFA 

PLANT ^ 


By J- L. Weimer 

Senior pathologist. Division of Forage Crops and Diseases, Bureau of Plant hidustrg, 
United States Department of Agriculture 

INTRODUCTION 

In previous papers {5, 6, 7y the writer has discussed the nature of 
the dwarf disease of alfalfa {Medicago satim L.) and the effect of 
certain environmental factors on its spread and development. That 
the disease causes a considerable disturbance in the normal histology 
and physiology of the alfalfa plant is indicated by the dwarfing of the 
tops and the extensive discoloration in the roots. The results of 
certain histological and physiological studies made to obtain a better 
iinderstanding of the nature of the effect of dwarf on the alfalfa plant 
form the basis of this paper. 

HISTOLOGICAL METHODS 

For the most part fresh material was used, although many roots and 
stems were fixed in formal-acetic alcohol, embedded in paraffin, sec- 
tioned, and stained. Some material was stored in fixative and sec- 
tioned with the sliding microtome without being embedded in paraffin. 

The varieties studied were Hairy Peruvian and Chilean, and the 
plants were collected in the field at different times of the year. 

Various stains were used, but Heidenhain’s iron-alum haematoxylin 
and carbolfuchsin were the most helpful. Certain points, such as the 
yellowing of the vessels, could be studied best without staining. 

THE DISEASE IN THE ROOT 

When the bark is removed from diseased taproots in the winter and 
spring the yellow color observed during the growing season (5) usually 
is found to be more or less overgrown with a tliiix layer of new white 
wood (fig. 1), With the advent of cool weather in the autumn the 
disease becomes less active and gum^ formation ceases, so that by late 
spring a layer of white wood 1 mm or more in thickness is present 
between the cambium and the yellow wood produced during the pre- 
vious summer. The thickness of this new layer varies greatly in 
different roots and in different parts of the same root. A relatively 
thick layer of new wood may form on one side of the root, where the 
disease has not made such inroads, and little or none on the other 
side. A iiiacroscopically perceptible layer of new wood may be present 
as early as December. The disease becomes active again the next 

3 Received for pablication Oct. 3, 1936; issued August 1937. Cooperative investigations of the division of 
Forage Crops and Diseases, Bureau of Plant Industry, U, 'S. Department, of Agriculture, and the division 
of Agronomy. California Agricultural Experiment Station. 

Eeferenee is made by number (italic) to Literature Cited, p. 104. ■ , 

3 .The term “gum” is used to designate the material plugging the vessels, regardless of its chemical com- 
position. 
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spring and by iiiidsiimnier lias involred much of the new wood, and 
the plant slowly siiceiimbs. 

A iiiicroscopical stinh" of cross sections of diseased roots shows 
cleaiiy the parts affected. Little' or no evidence of trouble of any 
kind appears in the bark, cambium, wood rays, or fibers of affected 
plants until the late stages of the disease, when there is usually some 
yellowing caused by a soluble stain. The parenclnunatoiis cells con- 
tigiioiis to or near plugged vessels are sometimes affected, as is shown 
by the yellow color in their walls and their staining reaction. Some- 
times there is a small amount of plasmoh^sis in these cells also. How- 



figure l.—rross and iongitudinal sections of three alfalfa roots affected with dwarf. The dark-colored 
streaks are regions wiiere i he vessels are plugged with gum. These roots show the early spring condition, 
wiieii the discolored areas are covered by a layer of new growth. In cross section A the affected tissues 
form a complete dark-colored ring about I nim beneath the cambium. Cross section B shows a much 
wider band of diseased cells on the right and upper sides than elsewhere, and cross section C shows only 
a very small discolored region in the upper left-hand part. Compare 'with figure 3, which shows not only 
the unaffected region of winter growth covering the affected ducts beneath but also the layer of plugged 
cells nearer the eainbium, develoxied during the current season. About natural size. 


ever, in many cases, at least in the earlier stages of the disease, the 
parenchyma cells stain and appear quite normal. No X-bodies have 
ever been seen; the visible evidence of the disease is restricted for the 
most part to the vessels of the xylem. 

Not all of the xylem is affected. The plugging at first may be 
limited to one or a few ducts in one or more bundles. Even in fairly 
advanced stages of disease certain bundles may be entirely unaffected 
while others are badly plugged (fig. 2), In fact, usually only a com- 
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paratively small proportion oi the total number of ducts of a bundle 
are inrolVed (figs. 2 and 3). The affected region in roots in which 
the disease is most active, as indicated by the formation of gum, hes 
just within the cambium; that is, in thepartof the xylem that is function- 
ing most actively in transporting water and nutrients. In advanced 
stages of the disease so many of the ducts in this region may be plugged 
that water cannot reach the tops in sufficient quantity to prevent wilt- 



Figure 2.— Cross section of alfalfa root having medium stage of dwarf. One bundle fa) has no plugged 
vessels, wiiile the adjacent bundle on the left has several and the one on the right has two. Although 
unaffected bandies are often found, more frequently some duets in all the bundles are more or less 
plugged, especially in the later stages of the disease. The affected region is several cells bacfe , from the 
cambium, a condition commonly seen during the winter and spring months. X 35. 

ing during tlie middle of the day in bright weather even when the soil 
moisture is Yery high. ■, 

The. youngest .vessels next to the cambium may be .plugged but, 
iisiially they are not except in the late stages of the disease. The 
plugging is most commonly in the second and third layer of ducts, froin 
the cambium. The width of the affected region increases as the 
disease develops. In the later stages the affected area usually occupies 
a zone not more tlian 2 or 3 nun in width, or, roughly, the outer third 
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of tlie distance Froni the center of tlie root to the c:*Mr:rii)iiini (fig. 3). 
Not nuieh eoiisisteiicT is shown in the way the ducts are plugged. 
Some times tlie larger, sometimes the smaller, and soiiietinies all the 
duets are iiiTolved. A single plugged duct or a group iiiay^be siir- 
roiiiided by ducts that apparently are unaffected. Likewise, one 
bundle iiiay have a number of plugged ducts while an adjacent one 



FiGlTBE 3.—Crc)Ss section of alfalfa root having late stage of dwarf. Three distinct bands can be distin- 
guished in the outer half of the wood, two in which the vessels are plugged with gum, separated by a third 
which is almost uimtlected. The band next to the cambium, which is the current season’s growth, con- 
tains a lari-’e perwntage of plugged ducts. Beneath this layer is the winter growth, in which the ducts are 
largely free of gum, alrhough all or nearly all of the ducts in some bundles appear to be plugged. The 
previons season’s growth, just beneath, also is badly affected, X 35. ' 

has only a few or none at all (fig. 2). Many ducts lying end to end 
may be plugged, forming long strands of apparently continuous gum. 
The gum often shrinks and pulls away from the walls. Tyloses are 
sometimes present in, the ducts. ■ 

THE DISEASE IN THE STEMS 

It was. pointed out in a previous paper {5) that the tops of affected 
plants show a gradual dwarfing which continues until the plant dies. 
It might be expected that the yellowing and plugging of the vascular 
system of theyliseased roots would extend into the stems, but a study 
of many sections of stems has shown little if any stain and only a 
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sma'll ainoiint of plugging. vSuch little plugging as there is in the 
•\’“essels of the green stems is found cliiefly in the late stages and then 
for a distance of an inch or two above the crown (fig. 4). The 
resseh of the stem that are plugged are usually though not always 
near the pith. The lack of extensive plugging in the stem tissue may 
be diiCj at least in part, to the fact that the disease progresses very 



Figure 4.-~Cross section of a portion of an alfalfa stem affected with dwarf. Several plugged duets are 
evident, but plugging of the. vessels in the stems is not extensive. Only the xjdera is clearly shown. The 
pith is at the lower part of the picture. X 150. 


slowly and that the stems are cut frequently (once every 28 to 34 
days) during the growing season, when the disease is most active. 

CHARACTER OF THE GTJM 

The gum may be homogeneous in character (figs. 5 and 6); it may 
have what appears to be a flocculent or granular precipitate; or it may 
contain numerous coccuslike or rod-shaped bacterialike bodies (fig. 7). 
The homogeneous and granular gum is comparable to that formed in 
inan}^ other plants. The bacterialike bodies are not present in the 
ducts of all affected plants; in fact, they have not been found at all in 
about 25 percent of the plants examined. Nevertheless they con- 
stitute one of the most reliable microscopical diagnostic characters of 
the disease. 

From the beginning of these investigations the question whether 
or not these bodies are bacteria has presented itself. iUl efforts to 
prove by cultural methods that they are living entities have failed (7). 
Some bacteriologists and pathologists who have examined the material 
have unhesitatingly pronounced these bodies bacteria * others equally 
competent to judge have said that they were not bacteria. These 
bodies are limited to the ducts of the xylein. Pathogenic bacteria 
iisiially, if not always, sooner or later pass out of the vessels into the 
intercefiiilar spaces of the parenchyma. The bodies in question are 
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embedded in a gum wliicli holds them in clumps and keeps tliem 
from imdergoiiig Brownian movement. When giiiii is dissolved 
away by 50-percent chromic acid the bodies float free, sliowiiig that 
they are individuals and have a solubility slightly different irom that 
of tile gum. At times they appear yellow like the gum in which they 
are embedded. 

The outer portion of these bacteriaiike bodies differs Iroiii the 
interior as seen both in stained and unstained preparations. _Tlie 
outer portion takes the stain while the inner remains largely or pitirely 
unstained. This has been interpreted by some authorities as indicat- 



F !■ f UKE 5.— Cross .x-ot ion of alfalfa root affected with dwarf showing group of plugged ve.^sels in which some 
of the walls have heen so changed or impregnated with gum that they have practically lost their identity 
Adjacent u ood parenehyma cells ha VC' been affected to a limited extent. X 190. 

ing the presence of a spore (figs. 7 and 8). In certain stages this 
outer portion , takes a red color when treated with phlorogliicin and 
liydrochloric acid, just as does the gum, indicating its .similarity to 
wound giiiii. .Neither these bodies nor the gum takes on this color 
in the eaiiy hyaline stage. So' far as ascertained, no . bacteria give, 
this reaction for wound gum. Of course, it is possible that the o-.uter 
portion of these bodies is impregnated with .gum and so gives The 
characteristic gum, reaction to 'the pl:iloro,gliici.ii-hyd,rochloric acid 
treatment. These bodies are.. gram-negative and do not take ma.ny 
of, the stains that most bacteria do, but ratber stain .like., the gum 
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•near or siiiToiiiicliiig tliem. This fact suggests that these bodies' are 
of a material similm to _ gum but that they differ from it slightly, at 
least in their solubility in chromic acid. 

In the earty stage these bodies are. embedded in a liya'iiiie material 
more or less creani}^ or semifluid in consistency. This was determined 
by stirring the material in a single duct under the microscope by .means 
of a capillary glass needle manipiflated by an apparatus similar. to 
that described by Eoberts (4). This material very soon hardens so 
that it can be moved about in a cell as a unit and the needle cannot 
penetrate it. Later the contents of the vessel turn ^mllow and give 
the wound-gum reaction as previously described. In the seiiiifluid 



Figure 6.— C.ross, section of alfalfa root affected' with awarf,, showing some <iuets completely fillet! and 
others only partly fflltHi with gum. For the most part the surrounding cells show no signs of disease^ 
although ttiere is a fairly profuse gumming Just below the center one of the Three large vessels. The upper 
parts of the w'alls of these three cells appear- to be unaffected even though considerable gum has been 
formed lower do'wn.. - X .370. 

state the' ..contents' of. the ducts are more or less readily washed away 
in the staining process. -A few of the' 'bodies were sometimes 'found 
isolated/ lying along the wall of. the duet, and apparently free of gimi. 
These often gave ' the .red color -when, touted vith phloroglucin and 
hydrochloric- acid, ■w.Mch suggests that .tliis.' reaction is.^cliie to^ .the 
nature.. of the bodies themselves -and not to- the gum in ‘wMcE they are 
embedded: These bodies .give- -a -negative reaction for tanni,ns. cliitin, 
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protein, and fats and do not react to polarized light as crystals do. 
knowledge of their exact chemical nature will have to await further 
study. 

OKIGIN OF THE GUM 

To determine with certainty the source of the giiin, plugging the 
vessels of alfalfa plants affected with dwarf is difficult. . In "the "early 
stages of the disease certain portions of the walls become impregnated 
with gum, which eventually collects along their inner iiiargiiis (figs. 
9 and 10). Later the ducts may be partly or completel}" filled with 



Fi,guke ^.—Tangential longitudinal section of alfalfa root sho-wing two vessels each with small amounts ol 
gum .projecting into the lumen from the walls. In some eases the gum has taken the form of globules and 
in others it has formed a thin layer covering several pits. Note that the gum is. absent from or at least 
is not apparent in the parenchyma beneath the upi)«x vessel. X 260. 

gum (figs. 2, 3, 0 , and 6). The most probable explanation of tlie 
origin of this gum is that it is formed in the adjacent parenchyma 
cells and is forced through the pits into the ducts. There is some- 
times .evidence of a slight change in the affected vessel wall or in t.!ie 
region of the middle lamellae, but this is so restricted that it hardly 
.seems probable, .that it serves ..as a source of much if any of tlie giiiii. 
The .walls .aiehiever completely . disintegrated and gum pockets are 
.never formed as happens in many - diseased plants. It seems ^ more 
.probable -that sugars,, starches,.- or' other carbohydrates in solution in 
the cell sap in the adjacent. parenchyma' cells are the source -of the gum. 
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FniiTiE 10.— Anotlier vessel, from the same slide as the vessels in figure 9, showing a long sheet of gum, 
along ?he wall. The giioi in the early stage is semifluid so that in most cases it spreads out in a thin layer 
along the wall. X 300. 


WATER CONTENT OF DISEASED PLANTS 

The coniparatire amoiint of water in diseased and liealtlij alfalfa 
plants was determined in an experiment set up on August 20, 1931. 
ITom a field of Chilean alfalfa in its fourth year, diseased and healthy 
plants liaTing about half of their blossoms open were selected. The 
plants all came from the same place in the field, and therefore should 
haA^e been comparable in every way except for the presence of the 
disease in some of tliem. Fi^^e plants in a fairly late stage of the 
disease and five healthy plants were dug, wrapped well in newspaper 
to prevent the loss of water, and brought to the laboratory. After the 
adliering soil had been removed from the roots with a brush and cloth 
without wetting, composite samples were made of the healthy tops, 
diseased tops, healthy roots, and diseased roots. The roots and tops 
were cut into small pieces, placed in tared Aveighing bottles, weighed, 
dried to constant weight at 100° C., and reAveighed. The field had 
been irrigated 2 days before the plants were dug, and the soil was still 
quite moist. A second experiment, conducted on August 25, 1931 , Avas 
an exact duplicate of the first except that the tops had been cut in the 
meantime and the stems were only 3 to 4 inches tall and consequently 
were yoimg and siicciilent. The soil Avas damp, as the field had been 
irrigated the preceding day. Only the neAv stems and leaves and about 
a foot of the taproots Avere used. This Avas true for both experiments. 

On September 1, 1931, six diseased plants and six healthy plants 
from the same field Avere treated in the same manner as in the two 
preceding experiments except that the plants were held AAdth their 
taproots in water for 24 hours before being prepared for the dry- 
weight determinations. The tops were turgid at all times. In this 
experinieiit the yellow croATO tissue was placed vdth the roots, and all 
green tissue was included with the tops. The affected plants AA'ere in 
A'arious .stages of disease, but in all cases the disease had adA^anced' 
sufEcieiitly to cause more or less dwarfing of the tops. The healthy 
tops Avere about 1 foot to 15 inches tall. Tins experiment AA^as dupli- 
cated on September 10 and again on September 16, 1931. Of course, 
the stage of top groAvth was not the same in any of these tests. On 
September 1 the tops were perhaps not more than half groAAm, wliile 
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on September 16 they were in what is usually classed as the bud 
sta^e., although there was an occasional partly open blossom. 

The percentage of water in the roots and tops in these experinients 
is giren in table 1. These data show that on each date the water 
content of the healthy tops was slightly higher than that of the chs- 
eased tops, wliile the reverse was true for the roots. The greatest 
difference between the moisture content of the diseased and healthy 
tops was on August 25, when the top growth was yoimg and succulent. 
The greatest difference between the water content of the diseased and 
bealtlw roots was in the August collections. No explanation for 
tills can be offered, unless it is the fact that the roots of the SepteniW 
samples stood in water before they were prepared for drying. The 
difference between the average percentage of water in the diseased and 
healthy tops and roots for all experiments is quite small and probably 
is not significant. Nevertheless, the tops of the healthy plants were 
considerably larger than those of the diseased, and it may be that the 
larger tops withdrew slightly more water from the roots during the 
period which of necessitj^ elapsed between the removal of the plants 
from the soil or water and the determination of the wet weight. Per- 
haps the slightly lower water content of the diseased tops was due to 
a partial water deficit. That such a deficit does exist at times is sug- 
gested by the fact that diseased plants often wilt even when growing 
in wet soil. 


Table 1. — Ai'erage perceyitage of water in healthy and dwarfed alfalfa tops and roots 

on different dates in 1931 


Date 

Average percentage of water in— 

j 

Tops 

Roots 

Healthy I 

Diseased 

1 Healthy | 

^ Dlse^ased 


70.1 

68. 5 j 

69. 5 

1 ' 74. 4 

Aug:. 35. - : 

82.5 ‘ 

77.2 1 

66.2 

! 70. S 

Sept. 1 

82.2 ^ 

79.2 

70.6 

1 ' 70. 7 

Sent. 10 - 

82.7 

80. ,6 

68.8 

1 69. 3 

Sept. 1,6 

77.8 ; 

75.2 

67.4 i 

70. 1 

.Average . 

80.0 

77. 3 

68.7 ; 

70,5 


TRANSPIRATION 

A study was also made of the rate at which dwarfed and healthy 
plants transpire. Twelve 4-year-old Chilean alfalfa plants, six 
dwarfed and six healthy, which had, received the same treatment 
throughout, were used for each experiment. The' plants were col- 
lected at, about the same time in the morning (8 a. ni.), wrapped well 
in newspaper, and taken to the laboratory, where the roots were 
,placed at once in water. As much of the taproot, as; could be pulled 
conveniently, usually about 8 to 12 inches, was left on each plant. 
The length of' the tops' varied in the different experiments. The 
healthy , tops ranged, in height from 15 to 16, 14 to IS, and 26 to 31 
inches in the experiments conducted on 'September 1, 10, and 16, 
1931;, respectively. ' The 'tops 'were of different , ages and d,ifferent 
stages of maturity, since, they 'Were all cut on August 24. The healthy 
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plants bad readied tlie bud stage by September 16, when the last 
experiiiieiit was conducted. As soon as possible ■ after the plants were 
brought to the laboratory the taproots and crowns were -washed free 
of adlieiiiig soil, and after the lower end of the^ taproots had been 
cut off, taproots and crowns were placed at once in 100-cc graduated 
cylinders filled with tap water. Sufficient w^ater was added to or 
withdrawn from the graduates to bring the water level to the 100-cc 
line. The graduates were placed on a table in twm rows, so arranged 
that the tops of the plants did not touch and no two diseased or healthy 
plants were adjacent. In this way it was hoped to have the diseased 
and the healthy plants subjected to the same average conditions. 
The room temperature ranged from about 22^ to 30"^ C. during the 
experiment, and there was some air circulation from open windows, 
but no wind was Mowing directly upon the plants. The space between 
the roots and the mouth of the graduate was left open, since pre- 
liminary trials showed that not enough water evaporated from the 
surface in 7 hours to vitiate the results. 

After the gi*aduates had been filled as described, a measured amount 
of water was added each hour to bring the level back to the 100-cc 
mark. In this manner the total amount of water transpired by each 
plant ill 7 hours was determined. The averages of these values, each 
representing the average for six plants, for the three experiments are 
given ill table 2. Considerable variation was shown in the amount of 
water transpired both by the different plants and from hour to hour 
by the same plants. As might be expected, the greatest water loss 
occurred during the warmest part of the day. 


Table 2. — Comparaiive rate of transpiraiion by dwarfed and healthy alfalfa plants^ 


Average amount 



Average amount of water tran- 
spired in 7 hours 

Eatio of dis- 

spired per plant 
in 7 hours 

of tops 

weight of tops 

Per cubic centi- 
1 meter of green 
j top 

Per gram of dry 
top 

eased to 
healthy 

j 

Healthy 

Dis- 

eased 

Healthy Healthy 

Dis- 

eased 

Healthy “la 


Cc Cc 

Cc 

a* 

0 G Cc 

Cc 

Cc Cc 


§7. 1. . 28. 8 i 

85. 3 

68. a 

io, 7 7. 5 0. 80 

0.42 

6. 27 3. 84 

0. 53 0. 61 

58.1 ' 23.3 ; 

74.5 

50.0 

8.3 5.8 .78 

.47 

7.00 4.02 

. 60 . 57 

66.4 26.7 ^ 

98.5 

53.7 

15.5 8.4 .67 

.50 

4.28 3.18 

. 75 . 74 


I i dwarfed and 6 healthy plants were used in each of the 3 expeHments. 


The data presented in table 2 show that the healthy plants tran- 
spired more rapidly than the diseased plants in all experiments. The 
tops, however, varied considerably in size; hence, to get the compari- 
son on a more uniform basis, the volume of tops as well as their dry 
we^ht was determined. The volume of the tops was first obtained 
by the water-displacement method, after which they were dried to 
constant weight in an oven at 100° G. IVhen the volume of tops is 
used as the criterion, a comparison of the rate of transpiration in the 
three experiments shows that the healthy tops transpired 0.80, 0.78, 
and 0.67 cc, and the diseased tops 0.42, 0.47, and 0.50 cc per cubic 
centimeter of tops, respectively. The corresponding values, obtained 
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by using the grams of dry weight as a basis of comparison, are 6.27, 
7.00, and 4.28 cc for the healthy plants and 3.84, 4.02, and 3.18 cc, 
for the diseased plants, respectively. When the ratio of diseased to 
healthy plants was calculated, the values in the last column were 
obtained. These values show a fairly close agreement between the 
results obtained by the two methods. In general, they indicate that 
the diseased plants transpired on an average only 53 to 75 percent 
as fast as the healthy plants, or, expressed in another way, the healthy 
plants on a volume basis transpired on an average, about 1.6 times as 
fast per unit of top tissue, as did the diseased plants. 

RATE OF WATER FLOW THROUGH DISEASED ROOTS 

After it had been determined that alfalfa plants affected with dwarf 
transpire much more slowly than do healthy plants, the rate at which 
water could pass through diseased roots was studied. It is known that 
the tops of diseased plants sometimes wilt during the warm part of the 
day even when the soil is w^et. This indicates that the tops cannot 
obtain water rapidly enough to offset that lost by transpiration. 
Likewise, it has been shown by microscopical examination that many 
of the vessels of affected plants are plugged with gum. That the 
slowing down of the rate of transpiration and the plugging of the vessels 
were somewhat interrelated seemed probable. 

The rate at which the water can pass through 4-inch segments of 
the taproots of diseased and healthy plants was determined by a 
method similar to that described by Melhus, Mimcie, and Ho (S). 
Water was pulled through segments of the roots of 4-year-old alfalfa 
plants under a constant suction pressure. The diseased and healthy 
plants were obtained from the same place in the field, were collected 
at the same time, and were held under comparable conditions through- 
out. 


Table 3. — Average anioimi of water pulled through 4-ineh seginents * of healthy a/nd 
diseased alfalfa roots of different diameters in 10 minutes 



Healthy roots 

Diseased roots 


Healthy roots 

Diseased roots 

Diameter 
of root at 
small end 

Plants 

Average 
amount 
of water 
pulled 
through 
in Id 
minutes 

Plants 

Average 
amount 
of water 
pulled 
through 
in 10 
minutes 

Diameter 
of root at 
small end 

Plants 

Average 
amount 
of water 
pulled 
through 
in 10 
minutes 

Plants 

Average 
amount 
of water 
pulled 
through 
in 10 
minutes 

Mm ■ ■ 

Number 

Cc. 

Number 

Cc. 

Mm 

Number 

Cc. 

Number 

Cc. 

6,. 

2 

19.6 

1 

4.7 

10 J 

3 

53,1 

2] 

36. 0 
23.4 

7 ... 

3 

10. 1 

1 

8.4 

11 . 

5 

61. 3 

4 i 

8 .... 

5 

24.8 

4 

11.3 

12._. 

2 

55.7 

6 

26. 4 

'9 

3 

24.0 

5 

24.5 

i3._. 

2 

86.1 

2 

59. 9 


1 Each segment was taken from a different plant. 


The plants required for the day^s testing were brought to the 
laboratory in the morning and kept in water until used. For the 
most part, a diseased and then a heathy plant was studied in order to 
minimize any error that might be due to a change in the plants on 
standing in water. The segment of root used was taken just below 
the crown. The diameter of the smaller end was used as a basis of 
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comparison, since it was assumed that the maximum amount of water 
that could pass through the root was limited to the amount that could 
enter the small end. The number of cubic centimeters of water that 
passed thi*ough the 25 segments of the diseased and the healthy roots 
in 10 minutes was determined, and the values are recorded in table 3. 
The data in this table show considerable variation in the amount of 
water that passed through roots of different diameters. Individual 
healthy roots of the same diameter seemed to vary considerably in this 
respect. Perhaps tlxis is to be expected of roots of this age and 
character. Seldom do any two plants have crowns or tops of the 
same size, or indeed taproots of the same length. Taproots likewise 
vary greatly in diameter even in a distance as short as 4 inches. 

This experiment, however, had only one object, namely, to compare 
diseased and health}^ plants, and it was thought that if any appreciable 
difference existed it would be brought out by a study of 25 plants of 
each group. This proved to be the case, as table 3 shows. Although 
the differences were sometimes slight, as in the case of the luots 7 mm 
in diameter, for the most part they were rather striking. In the case 
of roots 9 mm in diameter, the healthy roots conducted more water 
than the diseased except for one diseased root, which conducted water 
more freely than mj of the healthy roots and was responsible for the 
slightly higher average for the diseased roots. That the passage of 
water through the diseased plants should vary greatly in rate is to be 
expected, not only in view of the variation found in its passage through 
the healthy plants but also because of the difference in the stage of 
disease and consequently in the number of ducts plugged with gum. 
It was impracticable to use roots entirely comparable in every way, 
owing to the difficulty of obtaining them and to the impossibility of 
telling by macroscopic examination the exact amount of plugging in 
the diseased root. The average amount of water pulled through the 
healthy and diseased roots was 40.6 cc and 25 cc, respectively. This 
means that on an average 'water passed through the healthy root 
segments 1.6 times as fast as through the diseased roots. The fact 
that the healthy plants transpired approximately 1.6 times as fast 
as did the diseased plants and permitted the passage of water 1.6 
times as fast as the latter suggests that there is a close correlation 
between these two factors. The data presented in this paper seem 
to indicate that the inability of the affected alfalfa roots to conduct 
water may have much to do with the dwarfing of the tops and the 
ultimate death of the plant. 

HYDROGEN-ION CONCENTRATION AND TOTAL ACIDITY OF 
HEALTHY AND DISEASED PLANTS 

It is a well-known fact that plants contain various acids which are 
more or less hig:My ionized. The formation of these acids appears to 
be closely associated mth the vital activities of the plant. Anything 
that alters appreciably the normal processes of a plant may effect 
a corresponding change in the acidity of its sap. Hurd 
that the expressed juice of corn plants varied greatly in both hydrogen- 
ion concentration and titratable acidity, these being influenced largely 
by environmental factors which affected the vegetative vigor of the 
plants. A number of investigators have shown that the hydrogen-ion 
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concentration of the sap of plants can be changed by applying certain 
fertilizers to the soil in which they are growing. 

Since the rate of growth and transpiration of the alfalfa plant are 
affected by the dwarf disease, it seemed quite possible that its acidity 
also would be affected. To test the validity of this assumption, the 
hydrogen-ion concentration and total acidity of healthy and diseased 
alfalfa plants were determined. Four-year-old alfalfa plants of the 
Cliilean variety, which had been given comparable treatment through- 
out, were used. The diseased and healthy plants came from the same 
area in the field; those for each experiment were collected at the same 
time and were given the same treatment. 

The tops of diseased plants, although of the same age, were not so 
far advanced as those of the healthy plants. In the first two experi- 
ments the tops of the latter had made a vigorous growth and were in 
the early bud stage, while those of the former were somewhat less 
advanced, the stage of advancement depending upon the stage of 
the disease. The method of determining the total acidity was largely 
that described by Haas {!). Twenty-five cubic centimeters of juice 
from diseased %nd 25 cc from healthy plants were obtained by 
grinding the tissue in a meat grinder and then pressing the juice out 
through cheesecloth. The samples of juice were kept in a refrigerator 
until ready for use. The pH values vrere first determined with the 
quinhydrone electrode and then N /20 NaOH (1 cc at first and 2 cc later) 
wras added until a value above 8,3, the turning point for phenol- 
phthalein, w'-as reached. The pH values calculated from the successive 
potential differences thus obtained w^ere plotted against the volume 
of NaOH required to produce them. From these curves the volume 
of alkali required to bring the reaction to pH 8.3 was determined and 
taken to represent the titratable acidity of the sample. 

The results thus obtained are presented in table 4. It is evident 
from the values shown that in the first two experiments the pH, as 
well as the titratable acidity, of the healthy tops checked closely. 
This was also true for the diseased tops and roots. The chief dis- 
agreement was in the titratable acidity of the healthy roots in the 
second experiment. Since the second experiment was conducted on 
the day following the first, the plants were approximately the same age. 
The last experiment, how^ever, was performed 12 days after the second, 
and the tops, which had been cut on October 4, were quite young. 
These yomiger tops, in the case of both the healthy and the diseased, 
had a ingher pH value and a lower titratable acidity than the corre- 
sponding older ones used in the first two experiments. The pH 
yahies of the healthy and the diseased roots differed little from those 
in the other experiments. The titratable acidity of the diseased 
roots differed considerably, that in the third experiment requiring 
nearly 10 cc more alkali than did those in the twn previous experi- 
ments. It is difficult to evaluate the 25.3 cc of NaOH used for the 
healthy roots. Since it agrees so closely with the comparable figure 
for the second experiment, it seems probable that the 22.8 cc in the 
first experiment is the variable one and that there was no appreciable 
change in the healthy roots because of the new growth. A comparison 
of the healthy and diseased tops shows that the former had slightly 
higher pH values than the latter. The differences are so small, how^- 
eyer, that they probably are not significant. On the other hand, the 
diseased tops in each experiment had a higher titratable acidity than 
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the healthy tops, although that for the third experiment was identical 
with that for the healthy tops in the first experiment. There was 
almost no difference between the pH values of the healthy and dis- 
eased roots, but the healthy roots had a higher titratable acidity in 
the first two experiments. 

Table 4. — The pH and titratable acidity^ of healthy and diseased alfalfa tops and 

roots, 1931 


Bate 

Tops 

Roots 

Hea]th3T 

Diseased 

Healthy 

Diseased 

pH j N/20 NaOH 

pH 

N/20 NaOH 

_ . . 

pH 

N/20 NaOH 

pH 

N/20 NaOH 

Oct. 1 

Get. 2 

i Cc 

6. 10 ! 16. 0 

6. 15 1 16. 3 : 

1 6.45 1 13.0 

i 1 

6. 05 
6.00 
6.20 

Cc 

17.3 

17.0 

16.0 

5-80 

6.05 

5.80 

1 

Cc 

22.8 

26.0 

25.3 

5.80 

5.85 

5.00 

Cc 

20.6 

20.4 

30.0 

Oet. 14 - 


! Titratable acidity is expressed as cubic centimeters of N/20 NaOH required to bring 25 cc of juice to 
pH 8.3. 


In general, it may be concluded that the diseased tops had a slightly 
higher hydrogen-ion concentration and a higher titratable acidity than 
did the healthy tops, that there was practically no difference in the 
pH values of the roots, and that the diseased roots had a lower titrat- 
able acidity than the healthy ones except in the last experiment where 
the reverse was true. It is also shown that the increased vegetative 
vigor of the tops in the third experiment resulted in decreased acidity, 
the greatest difference being in the healthy tops, which were growing 
most vigorously. Since the disease is most evident in the roots, at 
least in the earlier stages, and the pH value of the diseased and healthy 
roots is almost identical, it seems evident that the disease does not 
affect the pH value of the plant, the slight difference in the pH value 
of the tops being attributed to the difference in the stage of their 
development, that is, the less vigorous growth of the diseased tops is 
reflected in the lower pH. Whether the slight variation in the titrat- 
able acidity of the diseased and healthy roots was due to a difference 
in vigor or whether it signified the presence of a diseased condition is 
not kiiovn. Since such a great variation existed in the titratable 
acidity of the diseased roots between the first two experiments and 
the last, seemingly owing to a change in the stage of growth of the 
tops, it appears probable that the condition of growth also was 
responsible for the smaller differences between the diseased and healthy 
roots. . 

ASH CONTENT OP HEALTHY AND DISEASED PLANTS 

On July 10, 1931, healthy and diseased alfalfa plants were taken 
from the same place in a 4-year-Qld stand, the tops were removed, 
washed in distilled water, and wiped diy. The roots were washed in 
tap water and distilled water.^ After being cleaned, the tops and roots 
were divided into two samples, placed in paper bags, and dried in an 
oven at 75° C. The dried sample were then ground fine and ashed, 
and the ash was calculated as percentage of dry matter. A second 
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set of samples was obtained on July 24, 1931, and treated in the same 
manner, making four samples for each date. The data obtained 
(table 5) show that the ash content of both the healthy tops and roots 
is considerably lower than that of the diseased. In fact, the healthy 
tops and roots had an average of only 88 and 67 percent as much ash 
as the diseased tops and roots, respectively. 

Table 5, — Ash content of healthy and diseased alfalfa tops and roots^ 19S1 ^ 


Ash content 2 of— 


Date of collection 

Tops 

Roots 

Healthy 

Diseased ^ 

Healthy 

Diseased 

julv 10 

Percent 
10.10 
7. 73 

Percent 

11. 13 
9. 10 

Percent 
4.27 
3. 43 

Percent 

5. 85 
5.65 

July 24 



1 The writer is indebted to Dr. A. R. C, Haas, of the California Agricultural Experiment Station for 
these determinations. 

2 Expressed as percentage of dry matter. 


STARCHES AND SUGARS 

The differences in the rate of transpiration and in ash between 
diseased and healthy plants show that there is an upset in the normal 
physiology of the alfalfa plants affected with dwarf. Further evidence 
of this is supplied by a study of the carbohydrate relations of the dis- 
eased plants. Although an analytical study was not made; a few 
observations, especially on the starch content of the affected roots, 
show clearly that a marked change in the carbohydrate content of the 
roots takes place as the disease progresses. Many diseased and 
healthy roots have been sectioned, stained with iodine, and examined. 
These studies show that in the early stages of the disease the affected 
roots are gorged with starch just as are the healthy roots. As the 
disease progresses the starch becomes less abundant, and by the time 
the disease is well advanced there is little or no starch left. The only 
observation made on the sugars of the diseased root is that some reduc- 
ing sugar is present in roots from which the starch has entirely dis- 
appeared. 

SUMMARY 

Alfalfa roots affected with dwarf have more or less yellow color in 
the wood, owing largely to the presence of gum in the vessels. In the 
late stages of the disease there also is present a yellow staiii, which 
diffuses into the surrounding tissues. The gum, which is similar in 
character to wound gum, is limited almost entirely to the vessels in 
the outer xylem, the other tissues being largely unaffected.^ In the 
early stages of the disease the gum is limited to a few vessels in one or 
more bundles in the upper part of the taproot or crown, but before the 
plant is killed the whole root system is involved. Gum is found in the 
green stems, if at all, only in the basal 1 or 2 inches. Some of the gum 
evidently is forced from adjacent cells into the ducts, where it appears 
in the form of globules or thin sheets along the inner surface of the 
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walls. ETeatiially many of the ducts become completely filled with 
gum and are rendered functionless. 

Many bacterialike bodies are present in some of the vessels. Micro- 
chemical tests indicate that they are chemically very similar to the 
gum in which they are embedded and unlike bacteria in several 
respects. 

The water content of the tops of healthy plants was slightly higher 
than that of diseased tops; the reverse was true of the roots. Wliether 
this difference is sufficiently great to be significant is questionable. 

Healthy alfalfa plants transpired about 1.6 times as fast as did 
diseased plants. 

Water could be pulled through segments of healthy roots about 1.6 
times as fast as through diseased roots of approximately equal di- 
ameter, indicating a close correlation between transpiration and the 
rate at wliich water could pass through the root segments. 

The diseased tops had a slightly higher hydrogen-ion concentration 
and a higher titratable acidity than did the healthy^ tops, there was no 
difference in the pH value of the roots, and the diseased roots had a 
lower titratable acidity than the healthy roots except in one experi- 
ment. It seems probable that the differences in acidity between the 
healthy and diseased plants were due to a difference in growth. 

^ Eoots and tops affected with dwarf had a higher ash content than 
did healthy plants grown under similar conditions. 

Qualitative tests showed that the starch in diseased roots gradually 
diminishes and that it disappears altogether just before the plant dies. 

LITERATURE CITED 

(1) Haas, A. R. C. 

1919. THE ELECTKOMETRIC TITRATION OF PLANT JUICES. Soil Sci. 7: 
487-491. 

(2) . Hurd, A. M. 

1923. ACIDITY OF CORN AND ITS RELATION TO VEGETATIVE VIGOR. Joiir. 

Agr. Research 25: 457-469, iUus. 

(3) Melhus, I. K, Muncib, J. H., and Ho, W. T. H. 

1924. MEASURING WATER FLOW INTERFERENCE IN CERTAIN GALL AND 

VASCULAR DISEASES. Phvtopathologv 14: 580-584, illus. 

(4) Roberts, J. W. 

1923. A METHOD OF ISOLATING SELECTED SINGLE SPORES. Phytopathology 
13: 558-560, Ulus. 

,(5) Weimer, j. L. 

1931. ALFALFA DWARF, A HITHERTO UNREPORTBD DISEASE. Phytopa- 
thology 21: 71-75, illus. 

( 6 )— , 

1933. EFFECT OF ENVIRONMENTAL AND CULTURAL FACTORS ON THE DWARF 
DISEASE OF ALFALFA. JouT. Agr. Research 47: 351-368, illus. 

1936. ALFALFA DWARF, A VIRUS DISEASE TRANSMISSIE1.E BY GRAFTING. 

Jour. Agr. Research 53: 333-347, illus. 





INHERITANCE OF RESISTANCE TO PYTHIUM ROOT ROT 

IN SORGHUM' 


By D. H. Bowman, formerly graduate research assistant, Kansas State College of 

\AgricuU‘ure and Applied Science; J. H. Maetin, senior agronomist, Division 
of Cereal Crops and Diseases, Bureau of Plant Industry; L. E. Melchees, plant 
pathologist, Kansas Agricultural Experiment Station; and John H. Parkek, 
agronomist, Kansas Agricultural Experiment Station and Division of Cereal 
Crops arid Diseases, Bureau of Plant Industry, United States Department of 
Agriculture 

INTRODUCTION 

A destructive root rot disease that attacks milo, a grain sorghum 
{Sorghum vulgare Pers.), was observed in 1926 on the Garden City 
Substation of the Kansas Agricultural Experiment Station at Garden 
City, Kans.‘^ It was determined about 5 years later that the disease 
is caused by a pathogenic, soil-borne organism.^ Recently this 
organism was identified as Pythium arrhenomanes Drechs.^ The roots 
of diseased plants are decayed and discolored, and these symptoms 
usually spread to the crown and stalk. In the field the affected plants 
generally die and dry up before heads can be formed, and in the green- 
house they usually are killed before they are 8 or 10 inches tall (fig. 
1, ^). 

Milo cannot be produced on badly infested soil. Since 1927 this 
so-called milo disease has been observed on milo in Texas, New Mexico, 
Oklahoma, and California, as well as in Kansas at localities other than 
those mentioned herein. Once the disease becomes established, it 
often spreads rapidly throughout a field. It usually occurs where 
milo is grown continuously or in alternate years. 

The pythium root rot of sorghums has been found only on milo 
and darso and on hybrids involving one or both of these types. 
Selections of resistant strains of milo and its hybrids are showing 
marked resistance in the field and greenhouse.^ ® The distinct host 
reactions shown in field and greenliouse tests for resistance to pythium 
root rot appeared to justify studies of the inheritance of resistance to 
the disease, the results of wliich are reported here. The data presented 
include two independent sets of greenhouse experiments begun con- 
currently at Manhattan, Kans., and at Arlington Experiment Farm, 
Arlington, Va. (near Washington, D, C.), together with supplementary 
results obtained in the field at Garden City, Kans. 

^ Received for publication Dec. 5, 1936: issued August 1937. A joint contribution from tbe Departments 
of Botany and Agronomy, Kansas Agricultural Experiment Station, and the Division of Cereal Crops and 
Diseases, Bureau of Plant Industry, IJ. S. Department of Agriculture, Contribution no. 359 from the 
Department of Botany and no. 261 from the Department of Agronomy, Kansas Agricultural Experiment 
station. The results of the studies in Kansas were submitted by the senior author as a thesis in partial ful- 
fillment of the requirements for the degree of Master of Science at the Kansas State College of Agriculture 
and Applied Science in 1935. 

2 Wagner, F. A. reaction of sorghums to the boot, crown, and shoot rot of milo. Jour. Amer. 
Soc. Agron. 28: 643-654, illus. 1936. 

3 Elliott, C., Wagner, F. A,, and Melchers, Jj, E. root, crown, xIND shoot rot of milo. (Phy- 
topath, note) Phytopathology 22: 265-267, illus. 1932. 

4 Elliott, C., Melchers, L. E., Lepebvre, C. L., and W''agner, F. A. pythium root rot of milo. 
(Abstract) Phytopathology 26: 92, 1936. 

3 Elliott, G., Wagner, F. A., and Melchers, L. B. See footnote 3. 

s Wagner, F. A. See footnote 2., 
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FiouaE 1— Beaction to the niilo disease of sorghum grown in infested soil in the greenhouse at Manhattan, 
Kans. A, Three parent varieties; a, Resistant Dwarf Yellow' milo; 6, Dwarf Yellow niilo (susceptible); 
c, Club kafir (resistant), i?, Fs population of the cross Resistant Dwarf Yellow milo X Dwarf Yellow 
milo (susce ni ible) . The tall, healthy plants are resistant segregates; the short, dead plants are susceptible 

MATERIAL AND METHODS 

Sorghum varieties were chosen for crossing on the basis of their 
reaction in nursery tests at Garden City, Kans., on infested soil. A 
comparison of resistant and susceptible varieties is shown in figure 
1,A. ■ ■ ' ^ ^ 

The susceptible varieties involved in the 12 crosses studied were 
Dwarf Yellow milo (C. 332), Day milo (C. 1. 959) (dwarf early 

7 C. I. refers to accession number of the Division of Cereal Crops and Diseases, formerly Office of Cereal 
Investigations. " ' 
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type), Beaver (C. I. 871), Custer (C. I. 919), kafir X mile (No. 27-317, 
C. I. 963), and Early kalo (C. I. 1009). ^ The last four were all derived 
from kafir X milo hybrids. The resistant varieties included Club 
kafir (C. I. 901), Western Blackhull kafir (C. I. 906), White kaoliang 
(C. I. 792), Black Amber sorgo (F. C} 7038), and Resistant Dwarf 
Yellow® milo. The last-named variety was developed by F. A. Wagner 
from a single Dwarf Yellow milo plant that survived the disease in a 
severely infested plot at Garden City. 

The crosses tested at Manhattan were made in the greenhouse by 
C. A. Wismer in the winter of 1932-33 and by D. H. Bowman and 
A. E. Lowe in the winter of 1933-34. The Fi plants were grown on 
noninfested soil in the nursery at Manhattan in 1933 or 1934. The 
five crosses tested at Arlington Farm were made by John H. Martin. 
The Fi plants were grown in noninfested soil in the greenhouse. 

The infested soil for greenhouse experiments, which was supplied 
by F. A. Wagner, superintendent of the Garden City Substation, 
was taken from portions of the field in which the milo disease experi- 
ments had been conducted for several years, and was known to be 
infested. Flats were filled with the soil to a depth of about 2K 
inches. Seed of the sorghum hybrids and the parental varieties was 
planted in rows across the flats, 8 rows to the flat at Manhattan, Kans., 
and 10 rows at Arlington Farm. In most of the experiments at 
Manhattan and in all at Arlington Farm the parental varieties and 
the hybrids involving them were planted in the same flat. With a 
few exceptions the parental varieties occupied the two outside rows 
of each fiat. At Manhattan, three plantings were made during the 
winter of 1933-34 of seed from Fi plants grown in the nursery in 
1933. Each flat was thus replanted twice after final notes had been 
taken on the susceptibility of the previous crop and the plants had 
been removed. Remnant seed from the greenhouse experiment of 
1933-34 was planted by F. A. Wagner on diseased soil at Garden City 
to supply additional data, under field conditions, on the inheritance 
of resistance in the F 2 generation. 

In November 1934, seed was planted in the greenhouse from the Fi 
plants grown in the nursery at Manhattan that season, from the 
iidditional crosses made during the previous winter. After notes on 
resistance had been taken the flats were replanted twice with seed 
from F 2 plants of the same crosses that had been tested in the green- 
house during the winter of 1933-34. The F 2 material for this third- 
generation study, however, had been grown on clean land in the 
nursery at Manhattan in 1934. Because of drought, chinch bugs, 
and killing frosts before maturity, seed from both Pi and F 2 plants 
grown in the nursery at Manhattan in 1934 was decidedly limited 
and of low viability. 

Three successive plantings also were made in the greenhouse at 
Arlington Farm from December 1933 to April 1934. ^By thus replant- 
ing the flats, greenhouse space could be used very eflSiciently for testing 
sorghums for resistance to pythium root rot. 

At Manhattan, the seed was treated either with copper carbonate 
or Semasan Jr. to control seed rots before planting in the flats. The 
latter dust fungicide appeared to be preferable. These seed treat- 

s F. C. refers to accession number of the Division of Forage Crops and Diseases. 

® Since the submittal of this manuscript for publication the name of this variety has been changed 
to "Finney.” 
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nients did not seem to affect tlie development of pythium root rot" 
in these tests or in previous experiments by others. The seed at 
Arlington Farm was not treated before planting, and poor stands 
resulted from seed rotting and from a seedling blight caused by a 



Figurb 2. Plants from the Fs population of the cross Kesistant Dwarf Yellow milo X Dwarf VAlimxr TnUn 

Manhattan: Resistant (20 plants); B. inter- 


species of Penicillium. Susceptibility to Pythium and to PeniciUium 
showed no association. 

Symptoms of pythium root rot appeared about a month after 
planting and deTCloped rapidly, so that final notes could be taken 2 to 
4 weehs later. The first mdication of infection in the seedling stage 
was the lim p, ashy-gray, or seemii^ly scalded condition of the leaves. 

18 Melchebs, L. E., and Pabkeb, J . H. control milo disease. Cappers Farmer 45: 27. 1934. 
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'A few days later an orange tinge could be detected around the outer 
margin of the leaf. This color advanced over the entire plant and 
gradually changed to brown^ as the leaves dried. The youngest leaf 
was the last to discolor and die. Finally, the dead plants became light 
brown and remained upright for some time, not falling over as do 
plants attacked by some of the common molds. 

The greenhouse temperature in the period from 1933-34 usually 
varied between 75° and 85° F. at Manhattan and between 70° and 
80° at Arlington Farm. Duplicate plantings of nine grain sorghum 
varieties at two greenhouse temperature ranges, 65° to 70° and 75° 
to 80°, were made at Manhattan in 1934-35. This 10~degree differ- 
ence in average temperature did not affect the expression of disease 
reaction in the varieties. Similar conclusions have been reported by 
others.^^ 

The methods of recording the data were somewhat different in the 
two sets of experiments, although at both stations final counts of 
resistant and susceptible plants usually were made when all plants of 
the susceptible parent had died. At Manhattan, the plants were 
divided into three classes: (1) Dead (susceptible), (2) apparently 
diseased but not dead (intermediate), and (3) healthy (resistant) 
(fig. 2). Plants in class 1 could be determined easily by observation, 
but surviving plants were examined for general thriftiness, dead roots, 
and red discoloration in the central cylinder of infected roots. Plants 
showing lack of thriftiness and dead or discolored roots were classed 
as susceptible. Questionable plants were further examined by split- 
ting the crowns. The presence of a deep reddish brown in the crown 
or in the subcrown internode was considered an indication that infec- 
tion had taken place, as this condition was not found in healthy 
plants. Diseased plants were indicated also by a yellowing of the 
leaves. Roots arising from a discolored portion of the crown were 
almost always dead or dying and discolored, but any roots arising 
above the discolored portion of the crown often permitted the plants 
to survive until all of the roots became diseased. The red discolora- 
tion first appeared in the central cylinder of the root and spread 
later to the entire root. The dead and intermediate plants were all 
regarded as susceptible and are classed together in the tables that 
foUow. Some of the roots of resistant plants showed a pinkish color, 
but the rest of the plant appeared healthy. 

GENETIC RESULTS 

THE Fi GENERATION 

One cross, Beaver miloX Resistant Dwarf Yellow milo, was tested 
for resistance in the Fi generation at Arlington Farm. Only three 
plants emerged from the 10 seeds planted on November 11, 1933. 
These plants at first showed considerable resistance to Pytkium in 
comparison with the susceptible Beaver parent and were still alive 
on December 25, when six of the eight Beaver plants were dead. By 
January 22, 1934, however, when the remaining Beaver plants were 
dead, the hybrid plants also had died. At that time the 12 plants 
of the Resistant Dwarf Yellow mho were still healthy. This indicated 
that resistance in the Fj generation was intermediate between the 

Elliott, C., MELCHSRSy U. E., LEFEBVimy O.X., an<i Wagner, F. A. See footnote 4 
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parentSj witli a tendency toward a dominance of siisceptibilit}^ 
During tlie period of early growth it seemed that the Fi hybrids more 
nearly approached the behavior of the resistant parent, but this 
apparent reaction did not continue. 

THE F2 generation 
Kesults at Manhattan, Kans. 

The segregations for disease resistance in the F 2 hybrids grown at 
Maiiliattaii in the seasons 1933-34 and 1934-35 are shown in table 1. 
The numbers of plants listed for 1 933-34 are the totals for the three 
plantings that year. The cross Cl iibX Resistant Dwarf Yellow milo 
produced all resistant plants, as might be expected from the resistance 
of both parents. Eight plants in a total of 392 of the Resistant 
Dwarf Yellow milo were classed as susceptible, but the causes of the 
apparent disease attack were not determined. 

Table 1. — Segregation for resistance to Pythium in the F2 generation of sorghum 
crosses in the greenhouse at Manhattan^ Kans.y and at the Arlington Experiment 
Farm, Arlingimi, Va., and in the nursery at Garden City^ Kans. 


GREENHOUSE, MANHATTAN, KANS.. 1933-34 



Observed 

Calculated 

Deviation 

Deviation 

Variety or F 2 hybrid 

! 

Total 

Suscep- 

tible 

1 Resist- 
ant 

Suscep- 

tible 

Resist-; 

ant 

and prob- 
able error 

Probable 

error 

Dwarf Yollnw milo fsjisofiptibla'i 

Number 

426 

Number 

425 

Number 

1 

Number 

Number 

Number ' 


Resistant Dwarf Yellow milo (resist- 
ant ’> - _ - 

392 

8 

384 1 





Club ka^r (resistant) . 

390 

0 ' 

390 





Club kaflrX Resistant Dwarf Yellow 
milo . . 

1,205 

1,006 

0 

1,205 

278 





Club kEfirX Dwarf Yellow milo 

728 

754.5 

25J.5 

26. 5=b9. 26 

2. 86 

Dwarf Yellow miloX Resistant 
Dwarf Yellow milo and AciprocaL-.; 

2,402 

1,732 

670 

1,801.5 

(>(X). 5 

69. 5±14. 31 

4. 86 


GREENHOUSE, MANHATTAN, KANS., 1934-35 


Beaver (susceptible 1 . - . 

51 

51 

0 





Custer (susceptible) 

100 

100 

0 





KafirXmilo, No. 27-317 (susceptible)-. 
D warf Yello''w milo (susceptible) 

92 

92 

0 





168 

168 

0 





.Resistant Dw^'arf Yellow milo-.J 

564 

1 

563 





Resistant D warf Yellow miloXfkafirX 


i 




milo, No. 27-317) .■ 

475 

6 i 

469 ' 





Resistant Dwarf Yellow miloXCuster. 

218 

139 

79 

163.5 

54.5 

24..5±4.25 

5. 76 

.Resistant Dwarf Y ellow miloX .Beaver. ^ 

1,010 

727 

283 i 

757.5 

252.5 

30. 5±9. 28 

3. 28 


NURSERY, GARDEN CITY, KANS., 1934 


Club kafir X Dwarf Yellow milo 

149 

107 

42 

111.8 

37.2 

4. 8±3. 56 

1.33 

Resistant Dwarf Yellow miloXDwarf 
Yellow milo.--. ' 

736 i 

542 

194 

552 

184. 

10. 0±8. 02 

1. 24 


GREENHOUSE, ARLINGTON FARM, 1933-34 


Beaver ( susceptible) 

32 

221 

22 

18 

368 

34 

25. 

346 

17 

88 

S92 

22 

12 

68 

0 

18 

120 i 
0 

0 

69 i 
16 

0 

138 

13 

0 

153 ; 
22'^ 
0 
248 
34 
25 
277 

1 

88 
■ 754 

9 





Beaver X White kaoliang. 

White kaoliang (resistant)-- 

55. 2 

165.8 i 

12. 8±4. 34 

2.94 

Day milo (susceptible) ; 





Western Blackhiill kafirXDay milo....' 
Western BlackhuE kafir (resistant).... 
Club kafir (resistant).. ............i 

92 : 

276 • 1 

.' , ,28.0^4.85 

5. 77 





Club kafirXDay mil.o 

Day milo (susceptible) 

86.6 : 

259.5 ; 

. 17.5±5.43 

■ 3. 22 

Black A.mber sorgo (resistant) -...I 





Day mllox Black Amber sorgo i 

Day m.ilo (susceptible) — ... i 

223 

669 1 

;85.0d=8.72 ' 

9.75 
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’ The Club kafir X Dwarf Yellow milo cross segregated according to 
a nioiiohybrid ratio within the limits of random error. The cross 
Dwarf Yellow milo X Resistant Dwarf Yellow milo and the recip- 
rocal of this cross (fig. 1, B) deviated somewhat from the 3 : 1 ratio, 
owino* to an excess of resistant plants. The cross and reciprocal were 
each grown in three plantings, and in four of the six tests the observed 
number of resistant plants exceeded the calculated number. Although 
in five of the six tests the deviation from a calculated 3 : 1 ratio lay 
within three times the probable error, when the data are combined, 
as in table 1, the deviation becomes statistically significant. 

At Manhattan in 1934-35 the cross Resistant Dwarf Yellow milo X 
(kafir X milo, No. 27-317) produced only six susceptible plants, 
although the latter parental variety was fully susceptible. The most 
plausible explanation of this is the probable difference in disease 
reaction between the kafir X milo plant used as the parent in the 
cross and the bulk variety that was tested for disease resistance. 
In the crosses Resistant Dwarf Yellow milo X Custer and Resistant 
Dwarf Yellow milo X Beaver, the number of resistant plants ex- 
ceeded the calculated number by somewhat more than three times 
the probable error. Additional material, supposedly of the cross 
Resistant Dwarf milo X Custer, proved to be almost entirely resist- 
ant. This may have been due to an error in making the hybrids or 
to the use of a resistant plant from the susceptible Custer variety as 
a parent. 

Seed of the cross Resistant Dwarf Yellow milo X Early kalo 
(susceptible) was planted at Manhattan in 1934-35, but because of 
poor seed only six plants emerged, and the data are not shown. 

Results at Garden City, Kans. 

The data obtained from two crosses grown in the ¥2 generation in 
the Garden City disease nursery in 1934 are shown in table 1. The 
reactions noted were based upon an external examination of the 
plants in the field on October 1, 1934. In both crosses the deviation 
from a 3 : 1 ratio only slightly exceeded the probable error. These 
results, together with those obtained from the same crosses in the 
greenhouse at Manhattan in 1933-34, strongly suggest a single major 
genetic factor difference for the inheritance of resistance to Pythium. 

The cross Club X Resistant Dwarf Yellow milo and its reciprocal 
also were grown at Garden City in 1934 but produced resistant plants 
only. This result, substantiating the behavior of tins cross at Man- 
hattan in 1933-34, indicates that the same factor for resistance is 
found in both parents. 

Results at the Arlington Experiment Farm 

Some difficulty was encountered at Arlington Farm in classifying 
the plants, owing to reddish discoloration of the roots possibly from 
causes other than Pythium infection. Consequently, the plants were 
classified at several intervals on the basis of whether they were dead 
or alive. Final notes usually were taken when all the plants of the 
susceptible parent of any particular cross were dead. At that time 
hybrid plants showed all gradations of development, from fully 
healthy to dead and dried* In two experiments at Arlington Farm, 
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not all tlie plants of tlie susceptible variety were dead when the final 
notes were taken. The condition of the susceptible parent was re- 
garded as the most satisfactoiy standard for detemiining complete 
susceptibility among the hybrids. The data from Manhattan and 
Arlington Farm, although recorded differently, should lead to the 
same genetic conclusions because the difference lies merely in group- 
ing the interiiiediate (or apparently heterozygous) plants with either 
the fully susceptible or the resistant segregates. 

The data from the four crosses tested in the F 2 generation at Arling- 
ton Farm in 1933-34 are shown in table 1. The plants classed as 
susceptible mcliided only those dead at the time final notes^ were 
taken. The Beaver X White kaoliang cross segregated according to 



Fmvnm 3.~Segregatmg Vs row of the cross Western Blackhull kafir X Bay mOo, grown in the same fiat of 
Pgthmm-infested soil as the parents, shown in figure 4, at the Arlington Experiment Farm. 


a simple monohybrid ratio. In the Club kafir X Day milo cross the 
deviation from a 3:1 segregation was slightly greater than three times 
the probable error. ^ In this experiment, however, one of^the 17 Day 
milo plants %vas still alive when the final notes were taken. The 
Western Blacklmli kafir X Day milo cross sho'wed a deviation from 
the calcukted ratio amounting to 5.77 times the probable error. The 
deviation was much greater in the first planting than in the second, 
where the ratio_ was very close to 3:1 (fig. 3). Both the resistant 
and the susceptible parent of this cross are shown in figure 4. 

The test of the Day milo X Black Amber soigo cross was of neces- 
sity discon tinned before all plants of the susceptible parent, Day milo, 
were dead, although all plants of that variety were badly wilted and 
stunted. Aliich less than a fourth of the hybrid plants were dead at 
that time and those surviving showed widely varying degrees of injury. 




Figure 4— Resistant and susceptible sorghum plants grown in the same fiat of PythiumAnfested soil at 
the Arlington Experiment Farm. A, Day milo (susceptible); B, Western Blaekhull kafir (resistant). 

THE Pa GENERATION 

The behavior of 19 Fs lines of two crosses in the greenhouse at 
Manhattan, Kans., in 1934-35, is shown in table 2. Nine additional 
lines produced so fevr plants, owii^ to nonviable seed, that their behav- 
ior could not be determined. Consideiing the 19 lines of the two 
crosses together, 7 were classed as resistant and 12 as susceptible or 
segregating. The calculated numbers are 4,75 and 14.25, on the basis 

6143—37 3 
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The data as presented in table 1 indicate a wide deviation from a 
simple monohybrid segregation. Only 13 of the 22 Day milo parent 
plants in the same soil flats were dead at the time final notes were 
taken. If the number of dead hybrid plants is adjusted in accord- 
ance with the proportion of dead plants of the Day milo parent, the 
results are in close agreement with a simple monohybrid ratio. 
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of a siiiiple iiioiioliybrid ratio, aud are in rather close agreement with 
expected results. Each of the five segregating lines indicated a statis- 
tically significant monohybrid ratio, as did the combmed results from 
the segregating lines of each cross. These data verified the conclu- 
sions pointing "to simple inheritance that were based on data obtained 
in the Fo generation of these crosses. 


Table 2.— Reaction to Pytkium in the Fz generation of 19 lines in two sorghum 
crosses grown in the greenhouse at Manhattan^ Katis., 1934~So 


Cross and reaction of line 


Club kafir (resistancx Dwarf Yellow milo (sns- 
eeptihlel: 

Resistant 

Do,.... 

Do - 

Susceptible.,./-- .-^■ 


Do 

Seerejtating. 

Do....... 


Total se,g:’egattng_. 

Dwarf Yellow milo (susceiiiiVjleiXHesistaiit 
Dwarf Yellow milo and reciprocal; 

Resistant — 

Do 

Do 

Do 

Susceptible — - 

Do...,, — 

Do.. 

Segregating. - - - . 

Do,.: — ... 

Do.., - - 


Total segregating. 


Total 

plants 

Suscep- 

tible 

plants 

Resistant 

plants 

Deviation 
from 3 : 1 
ratio 

Deviation 

Probable 

error 

Kumber 

Ku mher 

Ku m her 



204 

4 

2(K) 



204 

1 

263 



102 

5 

187 



41 

11 

0 



192 

192 

0 



252 

252 

0 



200 

2(K) 

0 



28 

20 

8 

1. 00±L 54 

0. 65 

89 

72 

17 

5. 25±2. 75 

1.91 

11.7 

92 1 

25 ; 

4.25±3.16 

1. 35 

! 7S 

1 0 : 

78 



' 38 

i 0 1 

38 



31 

i 6 i 

31 



= 53 

! ^ 0 1 

53 



36 

36 i 

0 



41 

n 1 

0 



32 

32 i 

0 



1 28 

I 22 1 

6 

1 (:K)±1.54 

.65 

1 49 

I 42 i 

7 

5. 25±2. 04 

' 2. 57 

i 68 

! 50 i 

18 

1. a)±2. 41 

' .41 

j 145 


31 

5. 2.5±3. 52 

1.49 


With regard to all generations of all crosses, it appears that sus- 
ceptibility is partl}^ dominant, and the segregations support the con- 
clusion that a single major genetic factor pair largely determines tlie 
susceptibility of sorghums to py thiiim root rot. 

COLEOPTILE COLOR AND PYTHIUM RESISTANCE 

^ One planting of tbe Beaver X White kaoliang cross at Arlington 
Farm was classified for seedling or coleoptile color. The red coleoptile 
character present in the Beaver parent has been shown by Reed 
ximl others to be inherited as a simple dommant character in many 
sorghum crosses. Small stakes were placed beside each plant having 
a green coleoptile, and the coleoptile color was recorded when counts 
of dead plants were made. The data are shown in table 3. 

In this experiment the 132 plants segregated in exactly a 3 : 1 
ratio for resistant and susceptible plants. There w^as a deviation 
of only ^2 from the calculated 3: 1 ratio for plants having red or green 
coleoptpes. When the segregations for the two characters are 
combined, it is seen that the number of plants in each class is very 

J^EEED, G. M. A N,EW M,1TH0D OF PEODUCTION AND DETECTING SOEGHUM HYB,KI,DS. JoUT. Heredity 
2J: 132-144, illus. 3930., 
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close to the expected 9 : 3 : 3 : 1 ratio on the basis of independent 
inheritance. It appears from these results that seedling, or coleoptile, 
color is inherited independently of resistance to pythium root rot. 


Table 3 . — Segregation for coleoptile color and susceptibility to Pythium in the F 2 
generation of the sorghum cross Beaver X White kaoliang^ in the greenhouse at the 
'Arlington Experiment Farm, 193S-34 


Type and condition of plants 

Fa hybrid plants 

Parent plants 

Ob- 

served 

Calcu- 

lated 

(9;3:3:l 

ratio) 

Deviation 

and 

probable 

error 

Calcu- 

lated 

(3:1 

ratio) 

Devia- 
tion and 
probable 
error 

Beaver 

milo 

Wlute 

kaoliang 

Rei coleoptile: 

N'umber 

74 

27 

Number 
74. 25 
24. 75 

Number 

0. 2o±0. 47 
2.25± .37 

Number 

Number 

Ninnber 

0 

4 

Number 

0 

0 




Tnffll 



101 



99 

2±3. 36 

4 

0 

Green coleoptile: 

\ 1 { 



25 

6 

21. 75 
8. 25 

. 25^-. 37 
2. 25±. 23 



0 

0 

a 

f)ead 


1 

Total 

31 



33 

2±3. 36 

0 

7 

Total alive . 



99 

33 



99 

33 

0 

0 



Tot*'*! d^a*^ 





total . 






132 



132 


4 

7 






RELATION OF HETEROSIS TO PYTHIUM RESISTANCE 

All the crosses tested at Manhattan, with the exception, of the 
Resistant Dwarf Yellow milo X Dwarf YMlow milo (susceptible), 
showed heterosis, or hybrid vigor, in the Fi generation, manifested 
chiefly by an increase in height of from 9 to 32 inches over that of the 
taller'parent. These resistant and susceptible strains of Dwarf Yellow^ 
milo differ in resistance to Pythium, but they are very similar in 
appearance. Past experiments with sorghum hybrids have demon- 
strated that increased vigor is carried into the second generation. 

Segregation for pythium resistance was substantially the same in 
Resistant Dwuirf Yellow milo X Dwarf Yellow milo (susceptible) as 
in the other crosses in which heterosis was apparent. It w'ould 
appear, therefore, that heterosis per se did not alter the inheritance of 
resistance. 

SUMMARY 

Progenies of crosses between sorghum varieties resistant or suscep- 
tible to pythium root rot (or the '^milo disease”), cruised by Pythium 
arrhenornanes Dreclis., were studied in infested soil in the greenhouse 
at Manhattan, Kans., and the Arlington Experiment Farm, Arlington, 
Va., and in the field at the Garden City Substation of the Kansas 
Agric 111 turarExperiment Station. 

The data indicate that susceptibility to the disease is partly 
dominant. Reaction to the disease is determined by a single major 
factor difference. / 

Susceptibility is inherited independently of coleoptile (seedling) 
color and of hybrid vigor of the progenies. 




OBSERVATIONS OF PATHOGENIC AND ANTIGENIC 
EFFECTS OF BRUCELLA ABORTUS, UNITED STATES 
BUREAU OF ANIMAL INDUSTRY STRAIN 19 ‘ 

By C. M. Haring, head of division, and J. Traum, veterinarian, Division of 
Veterinary Science, California Agricultural Experiment Station ^ 

INTRODUCTION 

Investigators at the United States Bureau of Animal Industry 
Experiment Station, Bethesda, Md., have reported encouraging re- 
sults from the use of subcutaneous injections of living Brucella abortus 
strains of moderate or low virulence to immunize cattle against infec- 
tious abortion (Bang's disease). The first publication regardii:^ this 
work at Bethesda was made by Buck (1)^ in 1930, and subsequent 
reports have been issued by Mohler (11), and by Cotton (5). The 
status of these experiments in 1933 was described by Cotton and Buck 
( 4 .), and the technical procedures and results up to 1934 were pub- 
lished in detail by Cotton, Buck, and Smith (S, 6, 7, 8). 

One of the cultures reported by these investigators to yield promis- 
ing results in immunizing heifers against Brucella infection was 
designated by them as strain 19. They claim that this strain is fairly 
constant in pathogenic power as indicated by repeated tests on 
guinea pigs, and that it is sufficiently low in its virulence for non- 
lac ta ting and nonpregnant dairy cattle to be relatively free from the 
objectionable feature of becoming permanently implanted in the 
udder following its use as vaccine. 

In 1932 transplants of strain 19 were obtained by the writers from 
the Chief of the Bureau of Animal Industry. The following report 
is a summary to May 1937 on observations of its effects on guinea 
pigs and cattle at the California Agricultural Experiment Station. 
Photostatic copies of the life history for each vaccinated and control 
animal subjected to test exposure may be had by official investigators 
on application to the writers of this article. 

METHODS 

The methods used at the California station have conformed in 
general to those described in the publications by Cotton, Buck, and 
Smith. In transmitting cultures of strain 19 to the writers, the Chief 
of the Bureau of Animal Industry described these methods in a letter 
dated October 10, 1932, which included the following statements: 

You are advised that potato-agar slants of Brucella abortus strain 19, which is of 
moderate virulence and has given encouraging results at Bethesda, are sent you 
under separate cover. 

The method of preparing the vaccine from this culture is as follcws: The 
growth from 48- to 72-hour potato-agar slants is washed off with 0.85 percent salt 

J Received for publication Sept. 16, 1936; issued August 1937. 

2 Acknowledgment is made to Mrs. Phyllis A. Zweigart, agent, U. S. Bureau of Animal Industry, for the 
bacteriologie procedures in this work. That bureau has also furnished laboratory and clerical assistance. 
The Works Progress Administration furnished assistants to care for experimental animals. 

^ Referenoes are made by number (italicA to Literature Cited, p. 128. 


(Up 


Journal of Agricultural Researeh, 
Washington, D. C. 


VoL 55, no. 2 
July 15, 1937 
Key DO. Calif.-86 



118 


Journal qf Agricultural Research 


Vol. 55, no. 2 


soliitioii and diluted to a density of 10 times tube 1 of the McFarland’s nephei- 
onieter. This is used shortly after it is prepared, usually the same day. 

The animals are iistially vaccinated at least 2 months before breeding and it 
would perhaps be better if this time were extended until agglutination reactions 
induced Tiave subsided to a considerable degree. Of course, when calves are 
vaccinated the period is much longer. 

Except for calves, 10 or 20 cc of the vaccine have been given. Seemingly, the 
dose may vaiy within considerable limits without appreciably affecting results. 
If more than 10 cc of vaccine are given the amount is divided between two points. 
Injections are usually made in front of the shoulder. 

We endeavor to expose the animals when they are from 2 to 5 months pregnant, 
A susperisloii of a virulent Brucella abortus culture is used in making the exposures, 
which are by the conjunctival method. Our experiments have indicated that 
this method may be made to be overwhelming, therefore, we have found it impor- 
tant to keep it within reasonable bounds by adjusting the dosage. 

For a few months after the strain was received it was propagated 
on potato- agar slants^ but since January 1933 Liebig^s beef infusion 
agar, containing 2 percent of glycerin and 1 percent of glucose has 
been used. No change in cultural or pathogenic characteristics has 
been observed, and the strain has continued to conform to the descrip- 
tions published by Cotton, Buck, and Smith. When it is plated in 
agar, both S and R type colonies develop. In plate 1 are shown 
R- and^ S-type colonies which developed in glucose glycerin agar 
after being planted with a 28-day plain broth culture. 

For the last 2 years strain 19 has been used at this laboratory for 
preparing antigens for the tube and plate methods of agglutination 
testing. About 80,000 tests of blood serums and whey have been 
made, and as yet no trouble has been experienced from self-agglu- 
tinations or other unsatisfactory effects that are supposed to be caused 
by the presence of R types in antigen. The precaution has been taken 
to occasionally renew the stock cultimes from which the antigen is 
made by propag’ating from single S-type colonies. 

For the isolation of Br. abortus from the experimental animals, the 
methods described by Henry, Traum, and Haring {10) have been 
followed, wnth the exception of the hemoculture technique which 
deserves special mention in view of the fact that several investigators, 
including the group at Bethesda, have reported difficultv in isolating 
Rr. aboftmiTom the blood stream of cattle. 

Hemocultures were at first made according to the recommendations 
of Soule {13), but this proved cumbersome, laborious, and expensive, 
and yielded a high percentage of contaminations which rendered the 
method unsatisfactory. Fair success was obtained by a modification 
of the technique used by Shaw {12), which consisted in letting about 

5 cc of blood mn on a large cooked-blood agar slant, incubating for 

6 or 7 days, stirring, and incubating again. These slants should be 
kept under observation for at least 2 weeks before discarding. 

The best results in hemocultures were obtained by a modification 
of a method tlmt has been described by Stewart, Eddie, Paxton, and 
Meyer {14). This modification consists in allowing about 5 cc of 
blood to rim from^ the jugular vein into a sterile test tube in -which 
lias been placed 5 or 6 drops of a 1.6-percent solution of sodium 
citrate. TheMube containing the citrated blood is heated in a w^ater 
batli at 56 C. lor 15 minutes, and 3 to 4 cc is poured over a. large 
cooked-blood agar slant. A tube of not less tlian seven-eighths of an 
mcii m diameter is used. This is incubated for 6 or 7 days in an 
atmosphere of 10-percent CO^, after which the tube is tipped for a few 
seconds so that the blood will floW' over the upper portions of the slants. 
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PLATE 1 



Colonies of Strain 19 on glucose-glycerin agar. This medium was seeded from a transplant in plain broth 
made to bring about dissociation. In this respect, Strain 19 behaves like most cultures of Brucella 
abortus. The R colonies appear white and the S colonies gray. X 15- 
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In this method the incubation is continued for at least 3 weeks, 
during which time it is examined at intervals of 3 or 4 days, and each 
time the tube is tipped so that the blood rims over the slant. IVlien 
i?r. abortus is present this results in an abundance of small colonies. 

From a comparison of the results of blood cultured simultaneously 
by these different methods, it is evident that either the heating or the 
citrating of the blood, or both, is an important part of the teclmique 
of the latter procedure. The comparison is shown in table 1. 


Table 1 . — Comparative results with untreated and citrated-heated blood cultures 
from cattle, made at various intervals after exposure to Brucella abortus 



1 U indicates that fresh untreated blood was spread over the surface of eooked-blood agar slants; C indi- 
cates that citrated and heated blood was used in the same way. +— Brucella colonies observed; ——no 
Brucella colonies found; co=c()ntamiiiated. Cultures were continued at fortnightly intervals for ICO days 
with negative results. 

TESTS FOR VIRULENCE ON GUINEA PIGS 

In addition to the use of direct cultures, approximately 200 guinea 
pigs have been inoculated with milk, uterine material, and other 
tissues of vaccinated cattle to test for the persistence of strain 19. 

When this organism is present in the material inoculated it can usu- 
ally be recovered by spleen culture on cooked-blood agar, provided the 
guinea pigs are killed about the sixth week after inoculation. Ap- 
parently the organisms of this strain tend to disappear from the guinea 
pig tissues soon after the sixth week. Macroscopic lesions in guinea 
pigs rarely result from the injection of milk or tissues containing only 
a few organisms of tliis strain. The agglutination titer is usually low. 
The ribsence of any apparent enlargement of the spleen or macro- 
scopic change in the parenchyma of the spleen, liver, testes, or lymph 
nodes is in marked contrast to the definite lesions resulting from the 
inoculation of milk or tissues containing more virulent strains of 
Br, abortus. 

Wffien culture suspensions of a billion or more organisms of strain 
19 are injected intra-abdominally a positive blood agglutination titer 
usually results and, occasionally, slight enlargement of the spleen and 
other slight lesions. A series of 18 guinea pigs were injected in tra- 
abdominally with 0.2 to 0.3 cc of vaccine. Selections for autopsy 
from this group were made at varying internals from 40 to 107 days. 
Positive cultures from the^ spleen were obtained in all cases up to 56 
days. Two guinea pigs killed on the seventy-fourth day were nega- 
tive. On the eighty -scGond day a third was positive and a fourth 
negative. Autopsies on the eighty-fourth and one Imndred and 
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seven til clay were negative. These results are^iii contrast^to the find- 
ings in control guinea pigs inoculated with viruleiit strain U. C. V. 
36 which yielded positive spleen cultures and definite lesions in every 
one of a series of 14 animals. The intervals of autopsy extended from 
the thirtieth to the one hundred and twelfth da^^. 

WORK ON CATTLE WITH STRAIN 19 

LONGEVITY IN BODIES OP VACCINATED CATTLE 

In order to determine the longevity of strain 19 in the tissues of 
vaccinated cattle, and test for possible shedder conditions set up in 
them, a study was made of blood, subcutaneous and lymphnode 
tissues, uterine material, and milk. Hemocultures from the jugular 
veins of vaccinated calves and cows have shown that the organisms 
may circulate in the blood for at least 22 days following vaccination. 
The only instances in which the strain has been obtained from the 
milk or from uterine material are as follows: 

Cow 2060 (table 2) discharged strain 19 in the uterine material and 
colostnim at the time of calving on the seventeenth day following her 
vaccination, but no evidence w^as found that she continued to shed 
the organisms in the milk or in the uterine material at two subsequent 
nonnal calvings. 


Table 2. — Results of vaccinating pregnant cows with Brucella abortus strain 19 
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Cow" 35, vaccinated while pregnant 128 days, yielded strain 19 in a 
culture of blood from the jugular vein on the seventeenth day after 
vaccinaticm, and again from the placenta and colostrum 125 days 
after vaccination.' 

Biopsy tests on a vaccmated bull have showm that the organism of 
strain 19 may remain aHve for at least 24 days in the subcutaneous 
tissues and lymph nodes adjacent to the point of injection. Tests on 
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another bull, slaughtered on the one hundred and thirteenth day after 
yaccination, failed to show any living Brucella organisms, although 
direct caltures were made and several guinea pigs inoculated with a 
variety of tissues from various parts of the body, including the vicinity 
of the^ point of injection. 

association of vaccinated and nonvaccinated cattle 

/" During the 3K years that experiments with strain 19 have been in 
progress in Berkeley, it has been customary to keep the vaccinated 
cattle with approximately an equal number of nonvaccinated controls 
of about the same age. In addition, a few older cow's have usually 
been in the same fields and corrals while in various stages of pregnancy. 

Most of the vaccinated and nonvaccinated animals have now passed 
through pregnancies, and inoculations of milk into guinea pigs, as w’-eU 
as frequent agglutination tests, have not indicated any transfer of 
infection from the vaccinated to the nonvaccinated cattle. 

vaccination of pregnant cows 

Cotton (3) and Buck (2) both advised against the vaccination of 
pregnant cow^s, but some veterinary practitioners venture to use cul- 
ture 19 on all the animals in certain badly infected herds, regardless 
of the condition of pi'egnancy. At least one of the commercial firms 
manufacturing the vaccine has advocated such practice in its advertis- 
ing literature. 

In order to test the effects of strain 19 on pregnant cattle, a limited 
number of trials under the controlled conditions were made. As 
shown in table 2, three of the five cow^s vaccinated while pregnant, and 
not exposed, calved normally; a fourth cow gave birth to an apparently 
normal calf which died from exposure before being found; the fifth 
produced a w eak calf which was killed and was the only one of the 
five to yield Br. abortus, strain 19, although at the time of each calving 
guinea pigs w^ere inoculated with uterine material and colostrum. 

Three other cow's were vaccinated wiiile pregnant approximately 
4 months, and exposed conjunctivally with virulent Br. abortus 
U. C. V. 36 a month later. Table 2 shows that only one of these 
COW'S calved normally, with negative laboratory findings. The other 
tW'O cows gave birth to premature calves which soon died, and Br. 
abortus wos isolated from the placenta of each cow', the organism in 
one case showing characteristics of strain 19. 

In certain field trials conducted by veterinary practitioners in 
cooperation with the writers, the vaccine has been used on cattle in 
various stages of pregnancy. The results so far have been variable. 
In one herd a rather high percentage of the cow'S aborted; the herd, 
how^ever, w'as badly infected at the time of the vaccinations, and it 
has not been possible to determine if the abortions w'ere due to natural 
infection or to injury from the vaccine. 

WORK ON CATTLE WITH STRAIN U. G. V. 36 
characteristics of the culture USED 

^ For conjunctival exposure trials to test the resistance of the vac- 
cinated cattle, a strain of Br. abortus wm selected which for 6 years 
has been proved repeatedly by the writers to be highly virulent for 
cattle. This strain, U. C. V. 36, was isolated in February 1931 in 
direct culture from the placenta of a cow that had aborted at a com- 
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iiiercial dairy farm. Its cultural characteristics correspond to those 
considered most typical of strains from bovine sources. ^ Although 
transplanted at frec|_iient intei’vals no tendency to dissociation has 
been observed in this culture. The colonies of this strain are always 
of the S type. It will not grow except in an atmosphere of increased 
carbon dioxide^ and it shows the hydrogen sulphide and dye-plate 
characteristics of a typical bovine strain. 

When 1 to 3 billion organisms of tliis culture are dropped upon the 
uninjured eye of a pregnant, susceptible cow a typical course of 
brucellosis follows, similar to that in a naturally infected animal in 
i*egard to blood and milk titers, abortion, and udder infection. 

The subcutaneous injection of this culture into sheep during ad- 
variced pregnancy caused these animals to become shedders v^ery soon 
after parturition. In some cases they continued for months to elim- 
inate enormous numbers of orgauisms in their milk. In 1932 the 
culture was tried on three pregnant sows by intravenous inoculation 
of 200 million organisms and all aborted fetuses were infected with 
U. C. Y. 36 type of organism. In three other pregnant sows, exposed 
orally or eonjiinctivally, the only evndence of infection was a rise in 
agglutination titer . 

The culture has been used to infect 74 cattle by way of the con- 
junctivae, and the results are apparentlj^ satisfactory as a means of 
ineasuring the resistance of cattle to infection. 

ANIMALS AND METHODS 

To determine the immunity produced by vaccinatioii, 19 vaccinated 
and 24 control cows have been exposed eonjunctivally to virulent 
Br. abortus strain U. C. V. 36. At the time of exposure they were in 
various stages of pregnancy, ranging from 90 to 171 clays. The re- 
sults of these exposure trials are shown in table 3, which also contains 
a record of the reexposure, at a later pregnancy, of two of the vacci- 
nated animals, and of two others exposed only by association with 
aborting cows. The animals are listed in four groups according to 
the respective dates of their exposure. 

The suspension of strain U. C. Y. 36 used for group 1 was prepared 
from slants made from beef-infusion agar containing 2 percent of 
glycerin and 1 percent of glucose. This medium was heavily seeded 
and incubated for 72 hours in the usual atmosphere of carbon dioxide. 
The surface growth was removed anck diluted with physiological 
sodium chloride solution to a reading of 1 cm on a Gates opacimeter 
(McFarland tube 7). Each animal received a total of about 0.4 cc. 
The eyelids were then closed and gently massaged with the palm of 
the hand. The dose placed on the conjunctivae was estimated by 
plate counts to contain about 1% billion living organisms. 

The suspension of strain U. C. V. 36 used for group 2 was prepared 
in the same niannen as that for group 1, with the exception that the 
inediiim was liver-infusion agar. The method of exposure consisted 
in placing 0.25 cc upon the sclera of each eyeball and a like amount 
under the lower lid of each eye. The lids were then closed and 
massaged vigoroiisly for about 5 seconds. The total dosage given 
group 2 contained approximately 10 billion organisms, or about seven 
times the number used in exposing groups 1 and 4. Group 3 was not 
exposed eonjunctivally, but by association with aborting animals. 
In exposing group 4, an effort was made to follow as closely as possible 
the dosage and technique of application used for group 1. 
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.ny agglutmation titers shown for control animals at time of exposure were due to injections of heat-killed Br. abortus (bacterin) at intervals between March 1932 and June 1933. 
-=*positlvB; ——negative; c=contaminated. 3 Control. * Second exposure. s Data regarding reexposed cow 19 are given on p. 125. 
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DISCUSSION OF TABLE 3 

RESULTS WITH GROUP 1 

The data for group 1 in table 3 show a marked difference in the 
effect of conjunctival exposure of the vaccinated cows, as compared 
to the controls. The only effect from exposure apparent in the vac- 
cinated animals was a rise in the agglutination titer. It will be noted 
that they all gave birth to vigorous calves at full term, and the cul- 
tures of the blood, uterine material, and milk were negative. On 
the other hand, all but one of the controls aborted, and they also 
showed other effects typical of brucellosis, such as necrosis of the 
placenta and the presence of Br. abortus in the uterine material. 
Four controls in group 1 were proved to shed this organism in the 
milk and three yielded cultures of it from the circulating blood. It 
will be noted that control cow 5 escaped infection. During her next 
gestation period she was again subjected to conjunctival exposure 
(see group 2, table 3) and again gave birth to a full-term calf. Fol- 
lowing her second exposure, her placenta was normal in appearance, 
but Br. abortus was isolated from it and a few weeks later her agglu- 
tination titer rose to 100. However, after a few months it subsided 
to negative. It is believed that she had some natural resistance to 
Brucella. 

RESULTS WITH GROUP 2 

There vras not such a clear-cut difference between the vaccinated 
and the control animals in group 2, in respect to their resistance, as 
in group 1. This was possiWy due to the fact that the cows in group 
2 were exposed to about seven times the number of organisms used 
on those in group 1 and also to the more vigorous massaging of the 
eyelids in group 2. Five of the vaccinated animals developed bru- 
cellosis and the organism was isolated in each case from the placenta 
and milk. Of the three which failed to show evidence of the bru- 
cellosis, one was nonpregnant, one gave birth to a dead calf at full 
term, and only one (no. 12) produced a vigorous calf. The 11 con- 
trols (nos. 20-30), exposed for the first time, developed typical 
brucellosis. 

In group 2 were four animals which had been previously exposed. 
The record of three of these (nos. 3, 4, and 5) is evident from the table, 
as they also appear in group 1. The fourth (no. 19) had been fed 
Br. abortus 9 years previously, when she was pregnant 114 days, 
which resulted in an abortion, and at that time Br. abortus webS isolated 
from her placenta and milk. Thereafter her agglutination titer 
remained positive for 2 years, and suspicious or negative for another 
2 years. The resistance shown by the four animals subjected to re- 
exposure is so definite, in comparison with the infection of the others 
in this group, that one can conclude that the infection with the 
virulent Sr. abortus eventually produced a much stronger resistance 
than did the subcutaneous vaccination with strain 19. 

RESULTS OF CONTACT EXPOSURE IN GROUP 3 

When the animals in this group were supposed to be 131 to 139 
days pregnant, they were tested for immunity by placing them in a 
corral in which animals from group 2 were aborting. 

One of the vaccinated cows (no. 32) gave birth to a normal, vigorous 
calf, and laboratory examinations for Br. abortus were negative. 
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The other (iio. 31) aborted a dead fetus on the one hundred and 
eight3^-sixth dax' of gestation, but, as cultures and guinea pig inocula- 
tions of uterine material, fetal tissue, and colostrum, as well as milk, 
were all negative for the organism, the abortion is believed to have 
been caused hj some factor other than infection contracted through 
exposure to aborting cows. 

One of the control aniiiials developed an agglutination titer of — 100 
following contact with aborting cows, but was not found to be preg- 
nant. The other control cow aborted a dead fetus on the two hun- 
dred and thirty-third day of gestation, and Br. abortus was recovered 
from her uterine, fetal, and udder material. The agglutination titer 
of this cow, which had previously been negative, rose to 1,600 at the 
time of abortion, in marked contrast to the low titers developed bj^ 
the vaccinated cows subjected to exposure in this group. 

RESULTS WITH GROUP 4 

In table 3 it may be seen that group 4 consisted of seven vaccinated 
and an equal number of control cows. It is noteworthy that the 
vaccinated animals in this group that calved normally had previoush^ 
borne calves, while the other three that aborted, as well as all of the 
controls, were primiparoiis. 

^ The fact that only one of the vaccinated animals in this grou p 
yielded a positive blood culture, while six of the controls repeatedly 
yielded positive cidtures, confirms the hemoculture results previously 
obtained from the animals in groups 1 and 2 and would justify the con- 
clusion that vaccination tends to reduce the bacteraemia following 
exposure to Br. abortus. 

All group 4 animals were kept continuously^ at pasture from the 
date of their weaning to the time they calved or aborted in the fall of 
1936 or the early months of 1937. In this respect their treatment was 
similar to that given groups 1 and 2. The w^eather conditions during 
1936, however, were more unfavorable to the nutritive qualities of the 
pasture vegetation than in the previous 4 yesiTs. Little rain fell 
between June and December 1936, and the pasture grasses (wild oats, 
alfilaria and bur clover) became imiisually dry and bleached. Fur- 
thennore, the first fall rains were followed bv sucli cool Aveather that 
no green forage developed until after the first of Janiiaiy. From 
November 1936 to February 1937 sparing ainoimts of alfalfaTiay were 
fed two or three times a week to the animals in tliis group.' This 
supplementary feeding provided a better diet than that available to 
tlie average heifer or nonlactating cow in the coast ranges of California , 
and at the time of exposure of group 4 the diet was considered to be 
adequate. It wnrs not adequate, however, for tests by the antimony 
triciiloride method on liver tissue from some of the fetuses showed 
complete lack of color reaction for vitamin A, whereas the livers of 
certain calves bom to cows not in the experiment hut kept in the 
vicinity and fed concentrates and all the alfalfa hay they would eat, 
showed a relatively high content of vi tarn in A. 

3 It is probable that a combination of the effects of Br. abortus 
tion and a Ioav intake of vitamin A, and possibly other dietary essen- 
tials, were responsible for thevabortions in group 4. The results are 
significant as an indication of what might occur in vaGcinated cattle 
exposed to infection under average conditions of winter range in the 
San Francisco Bay section. 
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Hart and Giiilbert (9) have demonstrated tliat a lack of vitainm A in 
range grasses in California may cause a condition in cows resulting in 
the birth of dead or weak calves and retained placentas, a condition 
simulating infectious abortion, although the cattle may be free from 
brucellosis. That the pathogenic effects of Brucella infection may be 
enhanced by a lack of vitamin A in the diets of cattle is indicated b}^ 
the results in group 4. 

SUMMARY 

Since October 1932 cultures of Brucella abortus, United States 
Bureau of Animal Industry strain 19, have been under observation. 
When grown on glucose-glycerin agar, the strain has apparently 
remained unchanged in its relatively low virulence for guinea pigs and 
cattle. 

IrWien grown in plain broth for about 4 weeks the strain became 
dissociated so that transplants to glucose agar resulted in a pre- 
dominance of K-type colonies, but, when occasionally renewed by 
planting from S-type colonies, it remained sufficiently stable to be 
satisfactory for the production of antigen for the detection of agglu- 
tinins by tire tube and the plate methocls. 

ilfter subcutaneous injection into cattle in doses of approximately 
200 billion organisms, the strain has been isolated from the circulating 
blood up to the twenty -second day, and from the subcutaneous tissues 
near the point of injection at 14 and 24 days. When injected sub- 
cutaneously into pregnant cows, it may pinduce typical brucellosis 
with transient bacteraemia, exudative and necrotic placentitis, with 
the discharge of large numbers of the organisms in uterine material at 
the time of parturition. 

Cattle vaccinated with strain 19 wMle nonpregnant have been kept 
closely associated with nonvaccinated cattle for over 3 years without 
any evidence of the transmission of infection to the nonvaccinated 
animals. 

The vaccination of mature nonpregnant heifers produced, for at 
least 2 years, a very definite resistance against the effects of exposure 
from introducing billion virulent Br, abortus into the conjunctival 
sacs. This resistance may be overwhelmed when larger doses are 
introduced into the conjunctival sacs, followed by vigorous massage of 
the eyelids. 

Infection of adidt co\vs with vimlent strains of Br. abortus produced 
a stronger resistance to subsequent infection than was produced in 
younger cattle by vaccination with strain 19. 

The data on results of vaccination between the a,ges of 4 and 16 
months are too meager to permit definite mterpretation, but they 
tend to indicate that the agglutination titer usually vanishes within 
a year and that only a small percentage of such animals are suffi- 
ciently protected to withstand severe conjunctival expos\ire when 
they are main tained on the low vitamin A intake available in the fail 
and winter months on the average California coast range. 

The results from hemocultures indicate that calfliood vaccination 
with strain 19 tends to inhibit the bacteraemia that frequently follows 
COB junctival exposure of cattle with virulent Sr. abortus. 
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further studies on the interrelationship of 

INSECTS AND FUNGI IN THE DETERIORATION OP 
FELLED NORWAY PINE LOGS' 


Bv J. G. Leach, associate 'plant pathologist^ L. W. Okk, formerly instructor in forest 
''ento^nology, and Clyde Christensen, assistant forest pathologist, Minnesota 
Agricultural Experiment Station 2 

INTRODUCTION 


In an earlier paper ^ the authors outlined plans for a study of the 
interrelationships of insects and fungi in the deterioration of felled 
timber and described the association of two species of bark beetles with 
two species of blue-staining fungi. In this paper are recorded obser- 
vations and experiments on several species of wood-boring beetles and 
their influence on the development of heart rot in felled Norway 
pine logs. 

METHODS AND PROCEDURE 


It will be necessary here only to describe briefly the general plan of 
the experiment. For further details the reader is referred to the earlier 
paper.^ On May 18 and 19, 1931, 56 logs of Norway pine {Pinus 
resinosa Ait.), 7 to 12 inches in diameter and 40 inches in length, were 
cut. They were divided into 5 series of 8 logs each and a check series 
of 16 logs and were given the following treatments: 


A. No ti'eatmentj not caged (check series). 

B. Ends and limb scars disinfected with a 2-percent aqueous solution of ethyl 

mercury chloride, then sealed with roofing pitch and covered with burlap; 
not caged. 

C. Same as series B, but enclosed in a cage of 18-mesh aluminum-coated screen 

wire. 

D. No end treatment, but enclosed in a cage of 18-mesh screen wire, 

E. Ends and limb scars sprayed at frequent intervals during the first two summer 

seasons with a 2-percent aqueous solution of ethyl mercury chloride; not 
caged. 

F. Same as series E, but enclosed in a cage of 18-mesh screen wire. 


After treatment the logs were placed in position on supports a few 
inches above the ground under a slanting roof of laths providing 
approximately 50 percent shade. The end treatments were intended 
to prevent fungus infection by wind-borne spores and the cages were 
to exclude insects and any fungi that they might introduce. The 
non treated and noncaged logs of the check series were exposed to both 
insect attack and wind-blown fimgus spores. By observing the rela- 
tive amounts of decay and insect infestation in the logs of the different 
series it was hoped that some indication of the influence of insect in- 
festation on the development of decay could be obtained. 

1 Received for publication Nov. 24, 1936; issued August 1937, Paper no. 1461 of the Scientific Journal 
Series of the Minnesota Agricultural Experiment Station. Cooperative investigations by the Division of 
Plant Pathology and Botany and the Division of Entomology and Economic Zoology. Supported in part 
by a grant from the research funds of the Graduate School of the University of Minnesota. 

2 The authors express their appreciation to Dr. Alexander G. Hodson for his assistance in checking the 
Identity of the insect species mentioned in this paper and for critically reading the manuscript. 

3 Leach, J. G., Orr, L. W„ and Christensen, C. the interrelationships of bark beetles and 
blue-staining fungi in felled NORWAY PINE TIMBER. Jout. Agr. Research 49: 315-342, ilius, 1934. 
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111 addition to the above experiment, other logs were cut, caged, and 
treated as in series C and F. Into these cages varying numbers of 
different species of insects were introduced. In this way the develop- 
ment of individual species of insects and associated fungi was studied 
without being complicated by the presence of other insects or fungi. 
These served also as material for studying the various stages in the 
life cycle of the insects. 

GENERAL OBSERVATIONS ON INSECT ATTACKS AND FUNGUS 

INFECTIONS 


Bark beetles were the first insects to attack the experimental logs. 
The development of two species of these beetles and their association 
with certain blue-stain fungi have been described,^ Shortly after the 
liark beetles had entered the logs, several species of wood-boring 
insects made their appearance. The most prevalent of these were the 
cerambycid beetles Monochamus scuiellatus (Say), and If. notatus 
(Drury), and two buprestids, Chalcophora virginunsis (Drury), and 
Chrysobothris deniipes (Germar). The activities of these species and 
their relation to the development of wood rot in the logs are described 
in this paper. 

In addition to these, a few other species were found in the logs in 
varying numbers. Since most of the latter group confined their 
activities to the bark and outer layers of the sapwood and made their 
appearance after the logs were thoroughly infested with bark beetles, 
no direct association with any specific fungus could be observed. A 
few^ experiments were made with some of these insects in caged and 
sealed logs, but no clear-cut associations with fungi were established. 
The most prevalent of these insects were the following: 

1. Tthagium lineaium Oliver. This was common in most of the noncaged logs. 
Development was confined to the inner bark and outer sapwood. Numerous 
and yaried species of fungi were isolated from the frass and tunnels, but no one 
species was consistently present, and since all the surrounding tissues had been 
thoroughly infested by secondary fungi, no definite associations could be detected. 

2. Hylobius congener D. T., S., and M., a weevil, was found in several of the 
exposed logs. The weevils were usually near the ends of the logs and made their 
tunnels in the inner bark and the surface of the sapwood. Their activity was 
very limited and there was no consistent decay or discoloration of the sapwood 
associated with them. Although the frass found in the pupal chambers was 
frequently contaminated with numerous molds, these usually could be detected 
only by culturing. It is to be concluded that these insects have little or no effect 
on the development of fungi in the logs. 


THE RELATION OF MONOCHAMUS SCUTELLATUS AND M. 
NOTATUS TO THE DECAY OF HEARTWOOD 


Mmiocfuimm scwlelMus and M. notatus were the most prevalent 
wood-boring insects found in the logs. From 2 to 15 larvae of these 
species were found in nearly every log that was not caged. Both 
species were present, M. sadeUatus heing the most abundant, but it 
was not alw'ays possible to distinguish the species in the larval stage. 
Their life histories and activities in the logs were essentially similar. 
For these reasons they are considered together in the following dis- 
cussion. Observations and experimental data showed that the 
presence of these insects in* the logs markedly influenced the rate of 
decay of the heartwood. 


h' W., and ChristeN'SEM, 0. the inteerelationships of bark beetles and 
,blue-sta,i.ni:ng fungi in felled NtmwAT pine tiwr.' ■■lour. Agr. Rasearch 49h3l5^34:2rilliis 
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These species of Monochamus infest freshly felled pine logs or pine 
trees that have been killed or severely injured by some other agency. 
The adults are elongate, somewhat cylindrical, black or brown beetles 
about 1 inch in length. Individuals of each species differ considerably 
in size and color. The females are somewhat lighter in color than the 
males and are marked with irregular grayish-white spots (fig. 1, B). 


FitiirRE 1 .—Monockfimus Hcutellatus: , Male; X H- -R, A female in the act of chewing an egg niche in the 
bark of a Norway pine log; X H. C, Three egg niches5; X lit. I>, Three Monochamus eggs exposed by 
removing the bark around a niche; X 2H . E, A young Monochamus larva feeding in the bark of a Norway 
l)ine log; X 1^. 

The antennae of the inaleB ure somewhat longer than tliose of tlie 
females. The adults emerge from infested logs in spring and early 
summer. During a flight period of several weeks they feed upon tlie 
leaves or green bark of pine twigs. Oviposition reaches its peak 
shortly before midsummer. The eggs are deposited in slits that the 
females make in the bark with their mandibles (fig. 1, The slits 
extend into the living inner bark, and from one to three eggs are 
deposited in each slit (fig. 1, D). The larvae emerge from the eggs 
and tunnel in the inner bark and cambium region (fig. E). If 
more than one egg hatches, usually only one larva survives, probably 
because of cannibalism. As the larva increases in size the excavation 
is enlarged and extends for a depth of^ a few millimeters into the 
sapwood (fig. 2, A). As the larva approaches maturity, it turns 
inward and bores an ovoid tunnel through the sapwood and into 
the heartwood for a considerable depth. Before pupation, the 
larva turns and bores toward the upper surface of the log. The pupal 
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clianiber is formed about 1 inch below the surface. When the adult 
is formed it bores out its own emergence tunnel and emerges usually 
at or near the upper surface of the log through a round hole about 
one-quarter to tliree-eightbs of an inch in diameter (fig. 2, B). The 



Figure 2.“-n, Portion of a Norway pine log with bark removed to show feeding and penetration tunnels 
of two Monochamus larvae; B, section of a log (center section of log 39) showing penetration and exit 
tunnel of a Monochamas beetle. Note the decay that invaded the heartwood through the tunnel in a 
radial and tangential direction and spread for a considerable distance up and down the log. 

time required for completion of the life cycle varies from 1 to 3 years. 
It is a significaiit characteristic of this insect that the larva tends to 
keep the tunnel clear of frass and chips by casting these out through 
holes that it makes in the bark (fig. 3, B), 



Figure Fruiting bodies of Pemophora giganiea formed on the lower side of one of the experimental 
logs; B, pile of frass pushed out of the tunnel of a Monochamm larva. Monochamus larvae keep their 
tunnels open by pushing all frass out through a hole made in the bark. 


Graham,^ in a study of the ecology of insects in felled logs, observed 
that wood rots were commonly associated with the tunnels of this 
insect, and sxiggested that the open nature of the tunnels off ererideal 
conditions for infection of the logs with wood rots. That there is some 
relation between infestations by these beetles and the decay of the 
heartwood is clearly demonstrated by the results of the present experi- 

^ Graham, S. A., the felled tree trunk as an ecological unit. ' Kcology S: 3:97-411,, illus. 1925.. , 
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ment. In table 1 are given the summarized data on the two series of 
logs showing the wood-boring insects present and the corresponding 
amount of heartwood decay for each treatment. One of these series 
was examined in August 1933 and the other in September 1934, three 
and four summer seasons respectively after the beginning of the experi- 
ment. The insect counts were m.ade immediately after the bark was 
removed from the log. The amount of heartwood decay was deter- 
mined by measuring the area of decayed heartwood exposed in repre- 
sentative logs of each series when cut in cross or longitudinal sections, 
as shown in figure 4. The areas were measured with a planimeter and 


J B C B 








-Top 
Bollom 


Z) 

Figure 4.-— Diagram showing how logs were cut for the measurement of the amount of heartwood decay 

calculated in terms of percentage of the total area of heart'wood 
exposed in the section. A study of the table will show that there is a 
fair degree of correlation between the number of wood-boring insects, 
especially Monochamus spp., and the amount of heartwood decay in 
the log. The correlation is shown more clearly in figures 5 and 6. It 
will be noted that the greatest lack of correlation is in series D and F. 
The logs were caged in both series. In series D the ends were given no 
treatment and in series F the ends were sprayed with ethyl mercury 
ciiloride at intervals during the first two summer seasons but received 
no treatment afterwmrd. By the time the logs were examined the ends 
were badly checked, the cracks extending far into the heartwood; 
and it was obvious that the wood rot had spread from the sapwood 
deep into the heartwood through these cracks. In practically all 
cases in these series, as well as in series A, where the ends were exposed 
also, the amount of decay in the end sections was much greater than 
in the center sections. These differences are shown in figures 5 and 6, 
where the percentages of decay in the end sections are compared with 
those of the center sections. 

The significance of the exposed ends and the deep checks that 
formed on the exposed ends can be more 'fully appreciated when they 
are considered in connection with the relative rate of spread of the 
decay in different directions in the heartwood. It wuis not possible 
to make carefully controlled measurements of the rate of spread of 
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Ser/es 

A a C £> £ r 







FiGtJKE 5."Heartwood decay and insect infestation in logs examined after exposure for three seasons, 
August 1933: .4, Total decay for each log; B, total decay for logs in each series; 0, larvae of Monochamm 
spp. found in each log; D, larvae of Mmockamus spp. found in logs in each series; E, percentage of decay in 
end sections of logs; F, percentage of decay 4n center sections of logs. See text for description of treatments 
used in each lettered series, ■' 
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Figxjee 6.— -Heart wood decay and insect infestation in logs examined after exposure for four smsons. Bep- 
tember 1934: A, Total decay for each log; B, total decay for logs in each series; C, larvae ot MonocMmus 
spp. found in each log; D, larvae of Momchamus spp. found in logs in each series; E, percents^e of decay in 
end sections of logs; F, percentage of decay in center sections of logs. See text for of description treatments 
used in each lettered series. 
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decay in tlie logs ; but when the logs were cut and examined ^ it was 
perfectly obvious that the decay in the heartwood spread very much 
more rapidly in a longitudinal direction than either radially or tan- 
gentialty. This difference was less marked in the sapwood, which 
was nearly always completely decayed before any appreciable decay 
appeared in the heartwood. Thus, in the logs with sealed ends, 
there was much less sapwood decay and the decay spread from the 
sapwood into the heartwood by radial growth ver}^ slowly except 
where it followed insect infestation. 

Table 1. — The amount of infestation by icood-horing beetles and the a77iount of 
keartivood decay in the experimental logs 


Infestations per log 



Treatment 
A, 8 logs 

Treatment 
B, 4 logs 

Treatment 
C, 4 logs 

Treatment 
D, 4 logs 

Treatment 
E, 4 logs 

Treatment 
F, 4 logs 


s 

I 

Average 

Minimum 

Ma.vimiim 

Average 

Minimum 

s 

B 

§ 

Average 

Minimum 

Maximum 

Average 

Minimum 

Maximum 

Average 

Minimum 

Maximum 

Average 


No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

Momchamus spp 

7.0 

18.0 

11.6 

0.0 

5.0 

2. 7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.0 

11.0 

6. 7 

0.0 

0.0 

0.0 

Ch) ymbothris dentipes. 

.0 

6.0 

. 7 

.0 

24.0 

9.0 

.0 

2.0 

. 5 

.0 

1.0 

.2 

.0 

4.0 

1.0 

.0 

I.O 

.2 

Chalcaphora rirgin ien- 
sis 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

1.0 

.2 

.0 

.0 

.0 

Ilylobius congener 

.0 

6.0 

2.4 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

13.0 

6.2 

.0 

2.0 

.5 

.0 

2.0 

.5 

Unknown cerambj^- 
dd 

.0 

7.0 

.9 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

10.0 

3.2 

.0 

.0 

.0 

Unknown buprestid.. 

.0 

.0 

.0 

.0 

.0 

.0 

,0 

7.0i 

2.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

Rhagium linmtum 

.0 

.0 

.0 

.0 

.0 

.0 

.c 

.0| 

.0 

.0 

.0 

.0 

.0 

3.0 

. 7 

.0 

.0 

.0 


Pet. 

Pd. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pd. 

Pci. 

Pet. 

Pet. 

Pet. 

Pet. 

Decay of heartwood,-. 

12. 5 

48.3 

36.8 

.0 

7.9 

2.4 

0.0 

1 

0.0 

0.0 

3.0 

18.5 

11.0 

9.2 

50.5 

26.0 

0.0 

22.2 

9.3 


It wiU be observed that the amount of heartwood decay was less, 
and the number of Monochamus beetles was smaller, in the logs with 
sealed ends than in those with exposed ends. Nevertheless, within the 
series comprising logs with sealed ends, there is a close correlation 
between the number of Monochamus beetles and the amount of heart- 
wood deca}^. The greater amount of heartwood decay in the logs 
with exposed ends was obviously caused in part by the increased 
opportunity for infection through the ends. However, the moisture 
content of the sealed logs was much higher than that of the logs with 
exposed ends and probably made the conditions less favorable for both 
insect and fungus. The moisture content of the logs was not measured 
after the first year, but during the first year the average loss in weight 
of the logs with exposed ends was 10.69 percent, and that of the logs 
with sealed ends only 1.75 percent. A somewhat similar difference 
was probably mamtained during the remainder of the period. The 
moisture content of the caged logs was slightly higher than that of 
the logs not caged, biit it was not high enough to inhibit the develop- 
ment of decay. During the course of the experiment the progressive 
development of the insects and decay was studied in additional caged 
logs in which a loiown number of insects were introduced. In these 
caged logs the decay of the heartwood in association with Monochamus 
larvae developed equally as well as it did in the exposed logs used in 
the comparative test. 
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The principal fungus causing the decay of the heartwood was 
Peniophora gigantea (Fr.) Massee. Numerous isolations were made 
from decayed heartwood, including many adjacent to the tunnels of 
Momchomas larvae, in various stages of development, and this species 
was most frequently isolated. Polyporus anceps Peck, Polyporus 
abietimis (Dicks.) Fries, and Merulius sp. were sometimes isolated, 
but these were very rare. The fruiting bodies of P. gigantea were 
formed on the lower side of all logs that showed an appreciable amount 
of decay (fig. 3, ^1). This fungus has been recognized for a long time 
as the cause of sap wood decay of coniferous wood but has not been 
considered as seriously affecting heartwood. Although growing more 
slowly on heartwood than on sapwood, it is obvious from these 
experiments that it must also be considered as a factor in heart- 
wood decay. 

Although figures 5 and 6 show that there is a relationsliip between 
the amount of heartwood decay and infestation^ by the Monochamus 
beetles, the most striking proof of the association is obtained by 
examining the insect tunnels and the areas of heartwood decay as 



Figure The center section from log 45, showing two areas of decay in the heartwood that were 

closely associated with Monochamus tunnels. B, The center section of log 48, caged to exclude insects, 
showing absence of decay, In all other respects similar to log 45. C, The reverse side of the center sec- 
tion of log 45 shown in .4. 

revealed in the logs when cut in cross section. The close association 
of the decayed areas with the larval tunnels leaves no doubt of the 
fact that the decay of the heartwood is hastened by the insect infesta- 
tion. This close association is well illustrated in the center sections 
cut from logs 39 and 45, shown in figure 2, J5, and figure 7. The 
total amount of decayed heartwood resulting from each insect tunnel 
is not evident when seen in cross section. It is only by determtaing 
the extent of spread in a longitudinal direction that the total volume 
can be estimated. In log 39 (fig. 2, B) the decay extended more than 
20 inches, and in log 45 (fig. 5) it extended the entire length of the 
40-inch log. 

The close association of heartwood decay wuth the tunnels of 
Monochamus IsLTYSie suggests the possibility that the insects may be 
concerned in the dissemination of Peniophora gigantea. If the fungus 
were introduced into the log by these insects it would most likely be 
introduced at the time of oviposition. The method of oviposition has 
already been described. A large number of freshly laid eggs were 
aseptically removed from the niches and cultured on agar. ^ More than 
half of the eggs so cultured proved to be surface-contaminated with 
Tungi. The isoiations were made in 3 different years. The first year 
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an iiiiidentified species of Sporotrichum was obtained from almost 
CTeiy egg. Several iiiiscellaneoiis fungi were also obtained. These 
included Pen/icilliurn, Clado^mrmm, Macrospormm^ Fusarium, and 
several kinds of yeast. In subsequent years the Sporotrichum was 
rarely found, and no other fungus was obtained with any degree of 
coiisistency. No culture resembling Pen top Aom or any other Basidi- 
oniycete was obtained. 

Some of the eggs proved surface-sterile; and when the larva hatched, 
it also was sterile. Paraffin sections of eggs and young larvae were cut 
and stained, and here also no indication of internally borne fungi was 
found. 

Cultures were made from the mouth parts and ovipositors of egg- 
laying females. These yielded yeasts, bacteria, and the usual assort- 
ment of molds; but 
no Basidiomyc e t e s 
were found. Cul- 
tures made from the 
frass of young larvae 
in sound sap wood 
also failed to yield 
the wood-rotting 
fungus. These re- 
sults led to the con- 
clusion that these 
insects are of little 
or no importance in 
the dissemination of 
Peniophora gigantea 
or other wood-rot- 
ting fungi. P. gi- 
gantea^ which fruits 
abundantly on the 
bark of decaying 
pine logs, is prob- 
ably wind-dissemi- 
nated, gaining access to the sapwood through holes in the bark 
made by msects or other means. Once under the bark, it finds the 
sapwood a favorable medium for growth. The sapwood is rapidfy 
decayed, but the rate of invasion of the fungus is greatly decreased as 
soon as it reaches the heartwood. It can advance only very slowly in 
a radial or tangential direction unless aided by the larvae ol Mon- 
ochamm spp, or similar msects or by checks or cracks in the heart- 
wood. The Monochamus larvae bore tlurough the decayed sapwood 
and penetrate deep into the heartwood. The tunnel is a favorable 
place for fungus growth, and the larva, by frequent movement from 
one end of the tunnel to the other in pushing out its frass, is obviously 
a very effective aid to radial invasion by the fungus. Radial pene- 
tration havmg been effected, the fimgus spreads rapidly through the 
heartwood in a longitudinal direction. It may be concluded, then, 
that Monochamm scideUatm FrxA Af. nntatus of little significance 
as agents of dissemination ancd inoculation of P, gigantea, but that in 
the larval stage they greatly hasten the invasion of the heartwood by 
the fungus. ■ ■ 



Figure 8. — OirfsQbothm dentipes: U, Female on bark of a Norway 
pine log; X Ift B, The same in the act of ovipositing in a crevice 
in the bark; X CU- C, A longitudinal section through a timnel 
showing pupa; X UL Note the frass tightly packed in the tunnel. 
The closed nature of the tunnel resulting from the nonremoval of 
frass probably accounts, in part, for the slight influence of this insect 
on the development of heartw^ood decay. 
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the relation of.buprestid beetles to the decay 
OF heartwood 

It will be noted in table 1 that a considerable number of biiprestid 
larvae were found in the logs. These consisted mainly of Ohryso- 
bothris dentvpes (fig, 8), a smaller number of Chalcophora virginiensis, 
and several larvae of an imidentified species. There is very little 
correlation between the number of these beetles in a log and the 
amount of heartwood decayed. An examination of the tunnels made 
by these larvae also reveals no consistent association with the decayed 
heartwood. 

The buprestid beetles lay their eggs in crevices under the outer 
bark. The eggs hatch and the young larvae bore into the inner bark 
and feed for most of their developmental period in the cambium 
region. Later they burrow into the sapwood and occasionally pene- 
trate the heartwood but usually they do not go so deep as the Mon- 
ochamus larvae. They develop more slowly and often do not pupate 
the first season; 2 or 3 years are required for completion of the life 
cycle. 

The activity of these larvae differs from that of the Monochamus 
larvae, chiefly in the disposition of frass. This difference probabty 
accounts, to a large extent, for the limited influence of the buprestid 
larvae on heartwood decay. The buprestid larvae, unlike the Mon- 
ochamus larvae, do not remove the frass from their tunnels. The frass 
is packed in the tunnel behind the larvae as they advance. The 
tunnel is always closed and the larvae do not move to and fro in it (fig, 
8, C). Cultures made from the frass taken from bupi'estid tunnels 
yielded a variety of yeasts and molds. No Peniophora or other Basidi- 
omycete was isolated from buprestid tunnels, while Peniophora 
gigantea was abundant in the tunnels of Monochamus larvae. 

The failure of the wood-rotting fimgi to develop in the buprestid 
tunnels may be due to several factors. The moisture content of the 
frass filling the tunnels is usually very high and may be too high for 
good growth of the wood-rotting fungi. The wood adjacent to the 
tunnels also is usually rather moist. Tunnels filled with closely packed 
frass obviously offer less opportunity for loss of water from the 
adjacent wood. It is also possible that the yeasts and molds found in 
the frass or possibly some excretory product of the larva inhibits the 
development of the wood-rotting fungi. 

DISCUSSION 

^ "^Vlien a Norway pine tree is feUed, it immediately becomes suscep- 
tible to insect invasion. The first insects to attack the felled logs are 
bark beetles. As previously shown, ^ these insects introduce yeasts 
and certain blue-staining fungi. The life cycle of the bark beetles is 
short and they are found in the log only one season. Certain wood- 
boring beetles also attack the log soon after it is felled. The life 
cycle of the wood-boring beetles is longer, and these insects may be 
found in the logs for 2 or 3 years. During this period practically all 
of the sapwood and much of the heartwood of infested logs decay. 
No evidence has been obtained in this, study to indicate that the 
wood-destroying fungi are introduced by the wood-boring beetles, but 

sUiiACH, J.'O,, Oei, n, W,, and Chbisteksest, C, ■ SeC' footnote 3. '■■■■: 
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the two species of Monocham us Ao hasten the decay of the heartwood 
by providing a means for more rapid advance of the fungus or fungi 
through the wood in radial and tangential dhections. The fungi, 
without such aid, spread very slowly in the heartwood radially and 
tangentially but more rapidly longitudinally. Thus the insect infes- 
tation, by hastening radial and tangential invasion, greatly increases 
the rate of heartwood decay. Here we have an unusual insect-plant 
disease relationship. The insect has no part in the usual role of 
dissemination or inoculation but is actively concerned with the process 
of invasion. 

The other species of insects observed in the logs generally confined 
their activities to the inner bark and outer layers of the sapwood. 
Usually they do not appear until this region is thoroughly infested by 
miscellaneous fungi ; they apparently have very little influence on the 
decay of the log. 

SUMMARY 

As a part of a study of the interrelation of insects and fungi in the 
deterioration of Norway pine logs, the changes occurring in felled logs 
dui'ing the second and thiid years after feUing were studied. During 
this period, in fully exposed logs, the entire sapwood and a considerable 
portion of the heartwuod were decayed. Peniophora gigantea was 
primarily responsible for the decay of both sapwood and heartwood. 

No evidence was obtained to show that this fungus was dependent 
upon insects for dissemination or ingression. It is apparently dissem- 
inated readily by wind and may enter through cracks in the bark or 
through holes made by several species of insects. 

The decay develops very rapidly in the sapwood but advances more 
slowly in the heartwood. Its spread in the heartwood is especially 
slow radially and tangentially but is more rapid in a longitudinal 
direction. 

Several different species of insects were found in the logs during the 
period. Two species of cerambycid beetles (Monochamus scutdlatus 
Say and M- notatus Drury) and two species of buprestids (Chryso- 
bothris deniipes German and Chalcophora virginiensis Drury), were the 
most prevalent wood-boring beetles. 

There was a fair degree of correlation between the number of Mono- 
ehamm beetles in the logs and the amount of heartwood decayed. 
The larvae of these uisects appear to hasten the decay by facilitating 
the radial and tangential invasion of the heartwood by Peniophora 
gigantea. The open larval timnels formed by these insects are espe- 
cially favorable for the spread of the decay. 

The buprestid beetles have little influence on the rate of decay of 
the heartwood. The closed buprestid tunnels appear to be less suited 
for the spread of decay, and possibly this condition is largely respon- 
sible for the failure of these insects to influence the rate of decay. 

Other species that inhabit the bark and outer layers of the sapwood 
appear to have little influence on wood decay. 



STUDIES ON THE INHERITANCE AND DEVELOPMENT 
OF FRUIT SIZE AND SHAPE IN THE TOMATO^ 

By A. F. Yeager 2 
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Experiment Station 

INTRODUCTION 

The investigation described herein is concerned with the inheritance 
and the development of fruit size and shape in tomatoes. Locule 
number of the fruit, because of its apparent association wuth size and 
shape, was given special attention. 

HISTORICAL REVIEW 

The tomato was one of the early plants used in genetical studies after 
the rediscovery of MendePs law, and shape was among the first 
characters mentioned. Hedrick and Booth (4) ^ as early as 1907 
listed a shape factor. Price and Drinkard (H) mention round as 
dominant to pear shape, round-conic dominant to round-compressed, 
two-celled fruit dominant to many-celled, and smooth surface dominant 
to rough. 

Various hypotheses have been advanced as to the number and 
relation of genes to size and shape. Frimmel {2) held that fruit size 
is complex, depending on carpel size and the degree of fasciation, with 
carpel size intermediate in Fi, and fasciation recessive. Lesley and 
Rosa (7) stated that oblateness is inevitable for size. Lindstrom 
(<^, 11) reported genes Pp and Yy linked with a major size factor. 
Later (P, 10) he suggested as allelomorphs oval, round, and oblate 
linked with Dd and Pj?, and reported shape and size correlated. 
MacArthur {13) gave 10 linkage groups involving 20 genes, but did 
not include locule number as one of these. Currence (f) reported 
significant association between fasciation and fruit size, suggesting 
that factors affecting fruit contour probably also affect size. 

Sinnott (15), working with Oucurbifa, traced the histological 
development of shape and size. He found shape determined in the 
earliest primordia of the pistillate flower, and that cell division had 
ceased at the time of anthesis. Houghtaling^s (5) studies with tomato 
have supplied the reason for the correlations between ovary and fruit 
measurements reported by Hackbarth et al. (5) in crosses betw^een 
Lysoiyersicon Mill, eseulenium and L. raeemigerum. She found that a 
differential rate of growth occurs at earliest primordia, ceasing in 
L. esc^dentuni' at anthesis, at which time cell division is complete. 

There has been some confusion in the use of terms. The fasciation 
reported by Frimmel {2)j Warren {18)j and Houghtaling (5) evidently 
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refers to an increase in the number of locules or, as Price and Drinkard 
(i4) call them, cells. On the other hand, Currence {1 ) and MacArthur 
{12) refer to rough fruit -without regard to locule number. Such 
confusion is easily accounted for by the fact that in the many-loculed 
fruits roughness is much more easily seen. 

MATERIALS AND METHODS 

The seed stocks used in this work were procured from the following 
sources: The department of genetics, Iowa State College; the depart- 
ment of horticulture, North Dakota Agricultural College; and com- 
mercial seedsmen. Fruit shape, i. e. polar and equatorial diameter 
ratio, was deterinined, unless otherwise stated, by the use of calipers. 
Locule number was determined by sectioning. Ovary measurements 
were made tlie use of a low-power microscope and an eyepiece 
micrometer. Wherever possible, the mean of 10 fruits was used in 
determining fruit and ovary shape and locule number. 

In this investigation the locule number will be dealt with, the 
suggested gene symbols Lc (few) and Ic (many) locules being used, 
as distinct from the Ff (rough fruit or fasciation) genes. 

For shape, o (oval) will be used to indicate a polar dmmeter 1.2 or 
more times the equatorial diameter, 0 (round) for a ratio of 0.95-1.2, 
and O' (oblate) for a ratio less than 0.95. O' is used for convenience 
only, inasmuch as the existence of this suggested allelomorph has not 
yet been proven. 

^ Standard error rather than probable error is used. In all correla- 
tions, one asterisk (*) indicates a significant correlation and two 
asterisks (^*) a highly significant one, as calculated from table 16 of 
Wallace and Snedecor (17). 

The following knowm genes are involved in this study: 

Dd standard-dwarf plants. 

Oo oblate-oval fruits. 

Ss simple-compoimd flower cluster. 

Rr red-yellow fruit. 

Yy yellow-clear skin. 

Spsp indeterminate-determinate plant . 

Ce cut-potato leaf. 

Aa purple-green stem. 

II green-lutescent foliage. 

EXPERIMENTAL PROCEDURE 

SiZE, SHAPE, AND LOCULE NUMBER CORRELATIONS 

Quantitative characters may often best be studied by determining 
whether they are associated with qualitative ones. It was decided to 
approach locule number in this way. Crosses were therefore made in 
which the parental stocks differed in locule number and in other 
characters which could be separated readily. F 2 and backcross prog- 
eiiies were then classified according to these, and their relation to 
mean locule number determined. 

In table 1, under A, B, and C, such tabulated F 2 generations and 
backcrosses wrill be seen. In these it will be noted that there is a 
significant association between locule number and the first-chromo-^ 
soHie-iinked genes Dd On Ss, but no association wdth the Rr genes.^ 
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# In B, the backcross population is divided into two classes 0 and 0\ 
rather than 0 and o, because the plant used in test crossing was oblate, 
producing when crossed with o a round fruit, and when crossed mth 
0 an oblate fruit. 

Populations D, E, F, and G show “dwarf coming into the cross 
associated with many locules which is the reverse of the crosses in 
A, B, and C, but again there is no significant association with Rr and 
Oc. Population H involves Yy, and here again there is no evidence 
of association. This close association between genes of the first 
chromosome and locule number does not, however, prove the existence 
of any gene for locule number, Locule number might perhaps be an 
indirect effect of the shape gene, or of size previously reported as asso- 
ciated with first chromosome genes by Lindstroni (10). 


Table 1. — Association of certain tomato characteristics u'iih locule number 


Populations ’ and parents 
(See p. 5) 


A-Fa 

(26) DO Sic 
(3) d os Le 

B-backcross 
(26) DORIC 


V ^ ^ ^ 

(3) d 0 r Lc ^ ^ ^ d 0' r Ic 


C-Fa 


(Bison) 0 lc 


(Yellow Pear) o Lc 
D~backcross 

(49) d lc ^ tc 

W~DLc ^ ^ Tic 
E-backcross 


, .^v d O' T lc ^ (49) (I O' T lc 
^ ^ d O' r lc ^ (9) 7) 0 H Lc 


F “hack cross 

(49) C d lc V/ /irn c d (r 
(10) CDLc ■ Ic T/c 


, dk 


G~ backcross 

(9) P Lc ^ j ,QV « 
(34) d lc die 

H-“F3 

(47) Y Lc 
(48) y lc 


Phenotypic 

segregates 

Alean 
number 
of locules 

197 D 

3. 21 

55 d 

2. 51 

J 211 S 

3. 16 

] 41 s 

2. 64 

134 0 

3.33 

1 46 0 

2. 42 

f 28 D 

4.61 

1 23 d 

4. 03 

32 0 

4. 12 

19 O' 

4.56 

18 R 

4.36 

[ 33 r 

4. 34 

f 138 0 

3.24 

1 44 0 

2.56 

/ 45 D 

3. 90 

\ 64 d 

4. 47 

95 D 

4.23 

80 d 

4.72 

81 R 

4. 46 

94 r 

4.47 

96 0 

4. 26 

79 O' 

4.80 

32 D 

3. 48 

33 d 

4. 09 

34 (7 

3. 85 

31 c* 

3. 77 

f 59 I> 

2. 4.5 

\ 41 d 

3.23 

i 193 y 

5. 59 

1 32 ?/ 

5. 68 


DilTerence 


} 0.70±0.09 
} . 52=b . 10 
I .91± .08 
. 68± . II 
} . 44dt . 06 
} .02±.13 

|| .68± .10 

} . 57± . 14 
} .49d=.19 
} .01d=.16 
} . 54± . 13 
} . 61 ± .15 
J .OSi.U) 

} , 78± .11 

1 } ,.09zfc .13 


1 The capital letters A-H refer to populations; the numbers in parenthesis to the strains of tomatoes used. 

As a means of studying the relationship of locule number to shape 
and weight of fruit, correlations were calculated between these 
characters in several F 2 and backcross populations. These are shown 
in table 2. Under populations A and B tbe larger parental varieties 
have the greater number of locules. The progenies in every case 
exhibit higlily sigiiificaxit correlations between size and locule number ; 

locule number; and shape and weight* 

^This is true even under A vrhere the large many -loculed parental 
variety has oval fruits. No explanation for this is offered at ttiis 


, / equatorial diameter\ , 

polar <liiml«t«r 
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point. It is mentioned merety to empliasize the point that there is 
a strong tendency for many-loculed fruits to be oblate. 


Table 2 . — Correlations'^ between locules, weighty and shape in various and 

backcross populations 


Population and 

i 

! Pedigree 


Weight 

and 

Weight 

and 

shape 

Locule 

number 

number of plants 


locule 

and 




number 

shape 

1 

\- 2 n 7 

fOhio Red) large, oval /e 

Fo 

76 

**0. 30 

**0. 42 

B“70 ... 

(Yellow Cherry) small, round Zc 

1 (Oxheart) large Ic 

P 2 - 

''L 51 

37 

47 

(Yellow Cherry) small Lc 

C-2.S 

(9) large 0 Lc _ 


. 32 

.06 

** 85 


1 (35) small 0 fc “ 



D-47-._ 

(9) large ® w /.qv large 0 lc 


. 17 

.00 

*31 


(ofi) small 0 Ic^ large Ole 



E-15 

(10) large 0 Lc ^ large Ofc 


.15 

5S 

.46 


(30) small CC ' ' large o/c 

1 


5 *=signiFicant correlation; **= highly significant. 


Data from crosses between comparatively large tomatoes with few 
locules and smaller many-loculed ones would seem to afford some 
possible clue to the causal relationship between size, shape, and locule 
number. Small, many-lociiled varieties not being available an 
attempt was made to produce them. Crosses were therefore made 
betw'een Bison, a large, many-loculed oblate tomato, and Red Currant, 
a fevr-lociiled, round one; and also between Bison and Yellow Cherry, 
These, carried through several generations, did give pure oblate 
strains with many locules wdiich had smaller fruits (42 g.) than those 
of the largest ^ two-loculed oval varieties (56 g.). The synthesis of 
such a. line indicates that locule number is not a mere secondary effect 
of size. These synthesized lines did not, however, have smaller 
locules than those of the small two-loculed parent but carried a larger 
number of similar sized locules and the fruits were therefore not as 
small. Likewise, the large two-loculed variety, wliile very large for 
a two-loculed sort, did not equal the weight of the common, many- 
loculed, large fruits except in w^eight per locule. 

Under C in table 2 are found the P 2 results of the cross between a 
small, many-loculed and a large, few-loculed tomato. In detennining 

shape correlations the ratio of used as a 

a shape index, with classes from 0.60 to 1.80 at 0.10 intervals. Under 
D and E are found the Fi results of such a cross backcrossed to large 
many-loculed forms. It may be noted that while correlations exist^ 
they are small in the case of 'weight and shape, except under E where 
me population is small and the correlations are not highly significant. 
The correlations between locules and weight are likewise not signif- 
icant under C, D, and E where the smaller parent is many-loculed. 
i lus IS in contrast to A and B where the large-fruited parent is many- 
loeuied and where such correlations are highly significant. 

^ Partial correlations may be used in studying the relation between 
size, shape and locule number. Such correlations as those presented 
in table 3 show that when the parental Ic stock is the smaller-fruited 
the eorrelation between shape and locule number is practically" 
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iiiicliaiiged if weight be eliminated ; that the correlation between loonies 
and weight likewise remains about the same when shape is eliminated, 
but that the correlation between weight and shape becomes negative 
when locule effect is removed, thus indicating that weight and shape 
are associated because of their mutual association vith locule nuiixber. 
These data throw much doubt on the possibility of oblate shape being 
the cause of large size. A possible hypothesis would be that the small 
lociiles in the oblate parent tend to remain associated with oblateness 
in the progenies and to cause the oblate tomatoes in the F 2 and test 
crosses to be smaller, while the many locules carried by the same parent 
tend to increase the size of tomatoes possessing this character. 

Lindstrom (8) concluded that locule number did not appreciably 
influence fruit weight, with ecpiatorial diameter held constant. Since, 
howmver, ecpiatorial diameter itself is a measure of size and perhaps 
also partly the effect of locule number, the shape index is iisecl in this 
study instead of equatorial diameter. While the data of table 3 sho^v 
significant correlations betw^een locule number and w^eight, these are 
not so large as those betwmen locule nmnber and shape. This pheno- 
typic association of locule number and shape has led to the wmrk on 
the inheritance of locule number set forth later in this paper. 


Table 3. — Simple and partial correlations between ^ number of locules^ xceight and 
shape in Fo populations and hackcrosses involving S7nall oblate 7nany-loculed ami 
large oval 2-docuded tomato varieties 





Locules 


Locules 


Weight 

J’(){:)ulation, 
numbor of 
I>lants 

Pedigrue 

Locules 

and 

shape 

and 

shape 

(weight 

elimi- 

Locules 

and 

weight 

and 

weight 

(shape 

elimi- 

Weight 

and 

shape 

and 

shape 

(locules 

elimi- 




nated) 


nated) 


nated) 

A ""87 

(10 large Lc o 

'"♦0.84 

**0, 82 

**0. 47 

**0. 41 

**0.3! 

-0. 16 

(36) sniail lc O' 

B- 44 .. 

(9) large Lc o „„ 

**. 65 

**. 55 

**.68 

**. 59 

**. 41 

01 

(35) siiiall lc 0 



(9) large Lc o , 

**.85 

**.91 1 

. 32 

^ **. 70 

— . 06 




(36) small lc 0 




1 )-2(.l3 - 

(9) large Leo , large lc o 

(36) small lc 0 large Ico "" 

**. 70 

**.79 

**. 49 

**. 05 

.03 

[■ , **-.50 

E-70 

(10) large Lc o large k n 

(35) small lc 0 large lc o 

**. 88 

**. 92 

**. 62 

**. 09 

**.36 : 

I **“.,50 

F-47„. 

(9i large Lc o . large lc 0 
(36) small lc 0 ^ ' large lc 0 ' i 

♦. 31 

*.31 

. 17 

.18 

.00 

1 **-.60 

.G-5S. 


**. 79 

**. 79 

**.69 

i **. 09 

**. 38 

i **—.85 

(51) Lc O ’ Ico - 1 






3 footnote 1, table 2. 


Figure 1 depicts the distribution of F 2 and backcross populations 
from crosses between few-loculed and many-loculed plants. In both 
cases there are bimodal distributions with the low point falling at 3.5 
locules. Tiiis, together with the fact that in crosses between few- 
loculed varieties and many-loculed ones the Fi is twm- to three-lociiled, 
suggests this as a natural point of division betwreen ic (many-loculed) 
and Lc (few^-loculed). In the case of the F 2 , approximately three- 
fourths (133) of the population would thus be classed as Le and one- 
fourth (49) as lc, which fits a Mendalian 3:1 ratio with P=0.74. In 
the backcrosses the division of the population above and below'- this 
^point is in the proportion of 1:1, namely 84:83. A single major gene 
for locule number is therefore proposed. 
r»i4:j~n7 
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If lociile number is due to a gene Ic, the production of an o Ic 
tomato should be possible. Steps were taken to synthesize such a 
variety and the outcome was successful. In the meantime a pure 
variety (no. 15) evidently having the same combination was selected 
from a strain from J. W. Lesley of Calif ornm. This was used because 
it also carried the recessives d and s. This form, carrying genes for 
oval with many locules, had phenotypically round fruit, according to 
hypothesis, because the added locules offset the phenotypic effect of o. 
If this tomato were crossed vlth one cariying Lc and 0, the F 2 should, 
if the hypothesis is correct and linkage not too great, give some plants 
which would be o Lc, and the fruit therefore oval. This pi'ocediire 

was followed and oval- 
fruited plants ap- 
peared as expected. 

A backcross between 
the Fi and dd, 00 , ss, 
Iclc gave similar results. 
Here oval, two-loculed 
tomatoes appeared 
from parents both of 
which were phenotyp- 
ically round. 

Assuming that the 
round, many-loculed 
tomato (no. 15) did 
carry 00 but, because 
of many locules was 
phenotypically round, 
and that many locules 
are recessive to few, a 
cross between it and 
an LcLc 00 tomato 
should give in the Fi 
not a round but an 
oval, few-loculed fruit. 
Such a cross was made 
and it fulfilled expec- 
tations. The Fo and 
backcross populations 
disclosed no 2-loculed, 
round-fruited plants nor any many-loculed ovals, but as the number 
of locules increased the shape changed to oblate. 

Data have already been presented in table 1 which suggest linkage 
between lociile number and first-chromosome genes. Table 4 gives 
data showing the amount of tins linkage with Ss and Dd. These 
furnish a basis for the location of Lclc on the chromosome map. 
Each population shews linkage between Lclc and Ss with a mean 
cross-over percentage of 20.5* Between Lclc and Dd, however, there 
IS a mean cross-over percentage of 46.9. From these data it would 
seem safe to suggest that there is a gene for increased locule number 
(Me) linked with, one for compound cluster {ss) and that its locus is on 
the opposite end of the clmomosome from Dd. With, a 20.5 percent 
cross-over value between Ldc and Ss, m calculated here, and more . 
than 30 units between Dd and Ss according to MacArthur, the linkage 
between Dd and Ldc should be very' alight, as, the figures in table 4 ftbow 



LOCULES (NUMBER) 

Fiuuhe 1.— SpgreL^ation of progenies according to locale number. 
Of the parental sti>cks used Sunrise, Yellow Pear, and Bed Pear 
were two- to three-Ioculed, 15 and Bison w'erefour-tofive-loculed. 
Loeuie numbers were obtained by ^curing the means of 10 fruits 
oil each plant which accounts for plants classified as having 2.5 
locates per frail, etc. 

A, Combined ^ L5 and (backcrosst'-s); 

Bison 

Yellow Pear 
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Table 4. — Linkage relations of Ic to s and d 


Parentage ^ 


(52) S Lc 




(15) s lc 
(Sunrise) SLc^ 
(15) sic 
(Sunrise) S Lc 
(15) 8 (c 

W-SAy, 


sjc 
' sic 


(3) s Lc 

(Red Pear) S s lc 

— as)Tfc — iTc 
(Red Pear) S Lc 

(15)s/c 


Progeny 

Cross-over 

value 

A'2 2xn 

pi 

SLc 

Sic 

8 Lc 

8 lc 

48 

3 

5 

9 

0. 142i0. 02G 

25. 7 

0. 0l~ 

42 

12 

14 

36 

. 250± . 034 

29.3 

.01- 

302 

24 

15 

27 

. 24S=fc . 039 

37.89 

.01- 

152 

59 

37 

4 

. 325d= . 056 

6.02 

.02 

23 

5 

4 

20 

. 155± . 043 

27.5 

.01- 

104 

5 

10 

20 

. 108± . 028 

61.47 

.01- 


Progeny 


! 







Cross-over 

Xi2xn 

P 

! 




; value 


D Lc 1 

Die 

d Lc 

dk 




■ i 

i 

30 i 

24 

26 

\ 23 1 

: 0 . 478i:0. 05 

0. 063 

0.80 

91 

43 

26 

' s 

.561± .05 

1.313 

.25 

137 

60 

52 

1 3 

.240± .03 ' 

9. 820 

.01- 

14 

22 

14 

8 

! i 

.620d: .06 

3,566 

.06 

82 

16 

32 

9 

i 

. 448=i: . 06 

.322 

.60 


Parentage 


(Sunrise) D Lc^^,,,.dk 

— - 

(Sunrise) i> Xc „ 

(1.5)rf/c 

(26) D /c ^ 

(3)rfXc^^ — 

(Red Pear) D d lc 

{15) die 

(Red Pear) D Lc ^ 

(15) die 


1 Number in parentheses refers to strain numbers. 

2 P value indicates the probability of differences being due to chance. 

OVAL FRUITS NOT ALWAYS DUE TO THE o GENE 


In the study of inheritance of size and shape the Ohio Red variety 
was used because it is large in size, nearly oval in shape, and each 
fruit carries several lociiles. One of the first crosses made vuth this 
variety was with a tomato carrying dd rr oo LcLc. In the R 2 from 
such a cross 64 plants among a total 256 were classed as oblate, and 
75 as round. The appearance of oblate-fiTiited plants in the Fg in 
crosses between these two oval varieties would indicate that the two 
ovals are not due to the same gene. Inasmuch as there was some 
possibility that the Ohio Red used in this cross was not genetically 
pure, another cross was made bet\veen Yellow Plum and a new stock 
of Ohio Red secured from the Department of Genetics of Iowa State 
Goilege which had been carried through several generations and found 
pure. Here again 6 of the 47 plants carried decidedly oblate fruits 
and 5 were round. 

Further evidence for the belief that the large oval differs from 0 is 
found in the fact that while crosses between 00 tomatoes and 00 two- 
loculed varieties produce an oblate Fi, Ohio Red in such cases gives an 

intermediate slightly oval 

In F 2 populations it was foxmd impossible to fit the progeny to 
a simple Mendeliaii hypothesis. Multiple factors are therefore 
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siia'sested. Attempts to detect linkage with the genes Dd, Rr, Yy, 
iC ft‘, and S])sp failed, with the exception of Dd, and even this was 
inconclusive, and may have been due to the association of Dd with 
differences in locule number present in the parent stocks. 

THE DEVELOPMENT OF SHAPE 

III connection witli the stiicW of the inheritance of sliape and size 
in toniatoes, measurements were made of the length and width of the 
ovaries at the time of anthesis, and these were compared with similar 
measurements of mature fruits from the same plants. The coiTela- 
tions between such measurements are shown in A of table 5 for an Fo 
population of a cross between Yellow Pear, small-oval; amh Bison, 
large-oblate. B gives similar figures for a group of plants of ina.ny 
varieties, excluding Ohio Red and Oxheart. C shows a cross involving 
Ohio Red. The correlation between the shape of ovary ancl the shape 
of the mature fruit in A ancl B is very striking, so great in fact that it 
seems probable tliat with ordinaiy varieties such measurements might 
be a better indication of the actual genetical constitution of the plant 
than the measui-ement of mature fruits, since the amount of seecl and 
growing conditions have considerable effect upon the shape of the fruit 
when mature. 


Tabi.e t5. — hctireen omnj measurements at anthesis and mature fruit 

measurements 


1 

i 

Ovary and fruit correlations > 

Populal ion 

Plants 

Length 

1 Width 

Ratio ~ 

• (Yellow Pear) o 

- (Bison) 0 * 

B ■— Miseellaiieons varieties- 

Number 

179 

**0. 594 

**0. 953 

923 

78 

**. 619 

*^*.639 

903 

,. (5S) 0 

(Ohio ,R,ed) larae-oval 

61 

.038 

694 

598 


‘‘ See foot, note 1, table 2. 


These data are in line with those of Hackbarth et al. (3) who found 
a high degi-ee of correlation hetw’-een size of tomato ovaries and mature 
fruits. Houghtaling (5) explained this as the result of a differential 
growth rate which exists from earliest primordia until anthesis by 
which time cell division is completed. Increase in size thereafter is 
tine to an increase in cell size. Contrasted to this is the condition in 
Ciieurbiia as reported by Sinnott and Kaiser {16), where differences in 
fruit shape exist at earliest primordia, and in Capsicum where differ- 
ences ap])ear after anthesis. A condition similar to that in Cucurbita 
was also reported in cucumbers by Hutchius (6') and in watermelons 
by Weetman (ID). 

With large-oval it will he noted (C in table 5) that length con-elation 
IS not signihcant. Measurements of the developing ovaries of Ohio 
Red 3'evealed that at anthesis the ovary is round' but that length 
grow'th pi-oceeds faster than width untO the fruit attains one-third its 
lull length with the result that the mature fndt is oval (fig. 2, 1) The 
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inference is that the differential ginwth rate which Houghtaling {5) 
found to cease at anthesis continues much longer in this case. Histo- 
logical studies showed that cell division does continue thus after anthesis. 
This is more evidence that large-oval is not the result of the o gene. 






THE DEVELOPMENT OF 

PEAR SHAPE 

Pear shape has been 
something of a puzzle 
since the earliest genet- 
ical work with tomato. 

It was first used as the 
designation for length- 
ened fruit shape but was 
later replaced by ‘^oval.^’ 

While an examination 
of developing ovaries re- 
veals that oval shape 
may be detected long be- 
fore anthesisj pear shape 
is oftennotevidentuntil 
near blooming time, i^t 
anthesis in pear-shaped 
varieties, the ovaries 
have the appearance of 
being rnnlded into pear 
form by the constricting 
effect of the cone forming 
corolla tube around the 
pistil . Longitudinal sec- 
tions at various times 
show that the seed cav- 
ities extend internally 
into the base of the ovary 
until the external, n ecke d 
appearance is visible 
under a hand lens (fig. 

B, C). 

Genetically identical 
stocks raised in differ- 
ent environm.ents may 
vary in the degree of pear shape in mature fruits. For example, two 
groups of plants of a Red Pear variety were raised, one in the field 
and the other in the greenhouse. The crop in the field was typically 
pear-shaped, the one inside had few distinctly pear-shaped fruits. 
Even on the same plant some specimens may be markedly pear-shaped 
and others oval but not pear-shaped. Occasionally fruits may be 
grooved in the middle or with the neck of the fruit showing an added 
constriction. When these were first seen on plants in commercial 
breedmg blocks the plants were discarded as being rogues, buL an 
examination disciosed remnants of the corolla tube. This suggested 
that pear shape might be induced by the fused corolla tube. If this 
is so, an early removal of the corolla should result in the production 
/H>f fruits without a neck. Such an operation on blossoms of the pear- 
shaped tomato did produce this effect in some cases as will be noted in 



Figure 2.— Development of pear shape: A, Some time before anthesis; 
B, at anthesis. C, Mature fruit; note shift in location of locule. D-G, 
Fruit shape variations to be found on the f?ams plant, Fand G un- 
doubtedly having been caused by persisting corolla tube constric- 
tion. H, Fruit resulting from a blossom of the pear variety from which 
the corolla tube was removed some time before anthesis. i, Shape 
changes in large oval tomatoes such as Ohio Red; a, At anthesis; b, 
blossom faded; c, from one-third mature fruit length to maturity. 
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figure 2j H. Pear shape may therefore be a secondary effect of a 
-constricting corolla. This does not mean that this tendency is not 
inherited, but it does throw some light on the reason its inheritance is 
difficult to stiulT. Not only' was pear shape not evident in some fruits 
developing from flowers the corolla tubes of which were removed early, 
but in several instances, such as the one shown in figure 2, H, the 
resulting fruit was round rather than oval, suggesting that oval shape 
itself may be an induced condition. 

Typical pear-shaped fruits were also produced artificially by con- 
striction during the period of cell division by the use of a thread tied 
around the blossom buds of ordinary plum-shaped tomatoes at an 
early stage and removed at an thesis. 

DISCUSSION 


tom.ato 
.own 


Any study of the inheritance of fruit size and shape in the tom. 
plant reveals that the matter is complex. Environment is well known 
to affect both characters. The vegetative vigor of a plant may greatly 
affect the size of a fruit. This being true, genes not directly related to 
size and shape of the fruit in such a plant as the tomato but which 
affect its general mgor and other plant characteristics, as suggested 
by Mac Arthur (i;?), have their eftect. When genetically different 
plants are grown where there is variation in. external conditions, such 
as temperature, light, soil, and parasites, the effect of the different 
genes will be modified. Even on the same plant, conditions differ 
enough in different parts to affect size and shape. 

During the 6 years of this investigation many tomato crosses were 
in.ade and studied in an attempt to learn more of the development 
and inheritance of fruit shape and size. It was found that there is a 
high degree of association between locule number, size, and shape, 
and that an association exists between qualitative first chromosome 
factors and locule number. .By means of partial correlations the 
existing correlations between shape and weight were shown to be 
due at least in part to their mutual correlation with locule number. 
Locule number was found to segregate in a ratio of 3:1 of few to 
many-loculed plants in F 2 populations, and in a ratio of 1:1 in back- 
crosses, the dominant group carrying two to three locules, while the 
recessive gimip carries three and one-half and more locules. A round 
tomato with many locules has been shown to be 00 Iclc by means of 
crosses \rith two-lqciiled round tomatoes and two-lociiled oval toma- 
toes. Linkages vith fii’st chromosome genes were calculated which 
demonstrate that the Ldc locus is on the opposite end of the chromo- 
some from Dd beyond the locus of The presence of this gene for 
meiiie number may have an effect on size of fruit by an increase or 
decrease in the number of locules without affecting size of locule. 
This relationship is not fully demonstrated and even if it were it would 
not account for all size differences. Obviously there are other size 
genes, since oval two-loculed tomato varieties are loiown which differ 
from each other by several hundred percent. The same is true of 
round two-loculed sorts. More work is needed on the locule number 
and size relationship. 

The existence of the genes Ldc is of great importance in accounting 
for variations m tomato shape. The genes Oo which affect gross fruit 
shape through their effect on locule shape together with Lrfc which 
affect shape by yarymg the locule number, proride a key for explaining, 
giadations astollov s: OIc---roimd,OZc-~obla.te,oIc---oval,andoZc— round. 
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Correlations between the ovary and the fruit have coiifirnied the 
findings of others that with most varieties the size and shape of toma- 
toes are rendered predictable at blossoming time by measuring the 
ovaries. Observations have shown marked effects of environment on 
pear shape. Mature fruits have been observed in which a persistent 
corolla tube has obviously caused constrictions. Early removal of 
the corolla has resulted in fruits without pear shape on plants where 
control blossoms produced pear shape. These suggest that pear 
shape is probably induced by the constricting effect of the fused 
corolla tube. 

The importance of such developmental studies is emphasized by the 
differentiation of two groups of oval tomatoes recorded in this paper. 
The one type symbolized by o is composed of the usual comparatively 
small-fruited varieties in which the final shape and size is fixed at 
blossoming. The other, including the larger-fruited varieties, may 
due to a complex that causes continued elongation. When this is 
superimposed on the genetic complex producing a round tomato, it 
becomes oval, and upon an oval tomato, extreme length is the result; 
but when added to an othervdse oblate tomato the result is round. 
The nature of tins complex and its inheritance has not been cleared up. 
In order to clarify this it would seem desirable to use only LcLc 
varieties for both parents. This would require either the discovery 
of, or the synthesis of, a pure elongated LcLc stock winch might require 
considerable time and labor. If this were done it is possible that the 
existence of a single major gene for continued elongation could be 
demonstrated. Such confusion as has been observed to date may be 
only the effect of Oo, Lclc, and perhaps other recognized genes such as FJ, 

Practical breeding work has demonstrated the possibility of re- 
combining Ooj LdC) and the factors for elongation. Comparatively 
large, very oval, fewdoculed strains from Iowa State College, when 
crossed with Early Jumbo, a large oblate, have resulted in lines closely 
resembling Oxheart. Oxheart, a large, many-loculed heart-shaped 
fruit, when crossed with Yellow Cherry, resulted in segregates that 
were very oblate, small, and many-loculed. Ohio red crossed with 
Yellow Pear has given extremely long, few-loculed segregates. While 
these examples are not offered as a definite proof of the existence of a 
single gene for added elongation they do point toward no more than 
a rather simple complex. 

CONCLUSIONS 

1 . There is significant correlation between shape, size, and lociile 
nimiber in tomato fruits. Part of the correlation between shape and 
size is due to their mutual correlation wdth locule number. 

2. A major gene for locule number exists. Two to three locules, 
LCf is dominant over tliree and one-half or more locules, Zc. 

3. The locus of icZc is on the first chromosome beyond Ss with 
about 20 percent cross-over. 

4. The effect of Ic when associated with o is to produce a pheno- 
typically round tomato. 

5. With most of the tomato varieties, the size and shape of the 
matured fruit is predictable from ovary measurements at an thesis. 

6. Pear shape is probably due to the constricting effect of the fused 
corolla tube. 

7 . Oval tomatoes in some cases are the result of genes other than o, the 
effect of which is to continue the elongation of the ovary after anthesis. 
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AN UNDESCRIBED POTATO DISEASE IN WEST VIRGINIA^ 


By C. R. Orton, 'plant patkologisiy and L, M. Hill, graduate assistant in plant 

pathology j Department of Plant Pathology and Forestry, West}Virginia Agricid'- 

tural Experiment Station 

HISTORY 

In 1931 a disease was obseiwed on a few' scattered plants of potato 
(Solamim tuberomm L.) in Preston County, W. Va. Since then it has 
spread steadily and has become a limiting factor in potato production 
in certain districts of the State. This disease has been observed also 
in Pennsylvania and Maryland, xiltitudes, soil types, and moisture 
conditions have not appeared to be significant factors in the distribu- 
tion or the intensity of tliis disease, nor does it appear to be influenced 
by fertilizer treatments. 

All strains of Rural, both russet and smooth, are very susceptible. 
The Irish Cobbler strains and Green Mountain, Early Rose, Chippew^a, 
Katahdin, and other varieties grown in West Virginia have also been 
attacked. The early vaiieties are less frequently diseased, possibly 
because they mature before the peak of infection is reached. 

The origin of the disease is unknown. Some observers believe that 
it has been present for 12 years or more. The importance of the disease 
wdth respect to yield depends largely upon the stage of development 
of the potato plant at the time of infection. One field wdiich showed 
nearly 100 percent severely infected plants in 1935 yielded less than 
10 bushels of United States No. 1 tubers per acre. Similar cases were 
recorded in 1936. 

DIAGNOSIS 

MACROSCOPIC SYMPTOMS 

The first external symptoms are a dwarfing of the upper stem, ac- 
companied by a folding upward and narrowing of the terminal leaf- 
lets (pi. 1, ^). This is soon folio w'ed by a paling of the foliage, and in 
Rural varieties by the appearance of a purplish tinge on the margins 
of the younger leaflets. Soon the rest of the foliage fades, and in the 
Rural varieties the stem assumes a purplish color. Wilting follows 
rapidly and the plants make an attempt to recover by sending out 
axillary shoots which may reach a length of 3 to 6 inches. These 
shoots present symptoms similar to those observed on the primary 
terminals. They are short-lived, and the whole plant dies a week or 
10 days later. Aerial tubers have been observed rather frequently 
but may be the result of other causes. 

The roots have a dull color, are reduced in size and length, and 
break easily when the plants are pulled. Tuber production is depend- 
ent upon the time of mfection. Plants which become infected before 
tiiberization produce few if any tubers of marketable size. Only the 
plants Ovhich become infected at about the time of maturity may pro- 

1 Received for publieation Feb. 5, 1937; issued August 1937. Scientific Paper No. 183 of tbe West Vir- 
ginia A wieultural Experiment Station. 


( 153 ) 


Journal of Agricultural Research,' 
Washington, D. C. 


'Vol. 5o,no..2, 

Julv 15, 1937 ' 

Key no. W. Va.-13 



154 


Journal oj Agricultv/ral Research 


VoL 55, no. 2 


duce a iioiiDal yield. Tlie intermediate periods of infection iiidiico 

corresponding effects upon Aneld. ^ i x- . i - . -f 

While tlie time of infection and the period of. incubation lia\e not 
been determined, it is Imovvn that the plants generally die witiiin 
weeks after the appearance of the first unmistakable symptoms. 

The internal macroscopic symptoms which are of the greatest mag- 
nostic Taliie are as follows: A general brownish discoloration ol tlie 
vascular region which begins at the base of the stem prior to the ap- 
pearance of foliage symptoms, and progresses through the roots, stem, 
and stolons into the tubers, and an occasional rusty spot which is 
usually present in the lower pith region of the stem and often through- 
out the stem pith. Only the cortical region shows necrosis in cross 
or in loiigitiidinal sections of the roots. The stolons present a picture 
similar to that of the stem. Necrosis in the tubers is very character- 
istic. There is a pronounced and intense brown discoloration at the 
point of rliizome attaclmient. From this region inward a branched 
system of necrotic woody strands extends tlnough the vascular re- 
gion, involving one-quarter to one-third of the entire^ vascular system. 
At the same time numerous strands, often dendritic in appearance, 
exteiid less deeply into the internal storage parenchyma. A trans- 
verse section of the tuber just inside the point of stolon attachment 
discloses a picture similar to that found in net necrosis, although it is 
less extensive in the internal parenchyma (pi. 1, Bj C). The tubers 
do not rot in storage unless invaded by secondary organisms. 

MICROSCOPIC STUDIES 

The material for study in 1935 was obtained from a commercial 
field of Russet Rural in Preston County. This field was relatively free 
from all other diseases. The material was fixed in formol-acetic- 
alcohol, and the usual methods of dehydrating and embedding in 
paraflBii were used. Stem sections were cut 15 microns and all other 
parts 10 microns in thickness. Flemming’s modified triple stain was 
used exclusively. The material for study in 1936 was obtained from 
the descendants of the foregoing crop of 1935. In addition to this, 
specimens from caged and uncaged healthy plants were obtained for 
comparison. All sections were cut 10 microns in tliickness. 

The most conspicuous anatomical feature to be noted in the young 
leaflets is the marked changes which take place in the palisade and 
mesophyll tissues (pL 2, A and B). While the palisade cells in the 
diseased leaflets do not reach normal size, the most remarkable change 
is brought about by the laterally crowded condition of these cells and 
by the consequent closing of the large intercellular spaces which are so 
evident in healthy palisades. A secondary palisade is frequently 
found in the diseased leaves. Similar changes take place in the spongy 
mesophyll, where the intercellular spaces are greatly reduced by the 
crowding of the cells. The effect of these changes is reflected in the 
narrowing of the lamina, but no marked reductiGn in thickness has 
been seen. ^ There is no appreciable change in the tissues of the petiole 
if necrosis is not present. 

These changes are accompanied by a depletion of the chloroplasts 
during which they lose their starch as well as their nonnal vacuolated 
appearance. Consequently they appear empty or contain only a few 
stamable threads and soon they lose their regular outline, collapse, 




.4, Late symptoms of a diseased Russet Rural potato plant showing upward folding of terminal leaflets and 
development of axillary shoots. B, Transverse section of stem end of tuber showing necrosis. C, Longi* 
tudinal section of tuber showing necrosis in vascular region and in the fundamental tissues. 
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-4* Tninsyersc section of nealthy petiole and laminae showing intercellalar spaces in palisade tissue: note the 
angle of att.aehHieii,t of the lamis« to X m B, Transverse section of diseased petiole and 

Jaminae showing absence of intereeilular spaces in i>disade; prominent nuclei throughout palisade: and 
the sharp angle of attachment of laminae to petiote. Xl^. 
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.-i, HealiLy lamina; note large intercellular spaces and normal shape and position of chloroplasts. X 750. 
B, Diseased lamina showing absence of mtereellular spaces; prominent nuclei; secondary palisade; and 
depleted chloroplasts which are didosed throughout the cells. X 750. 








At TransYerse seetion of, pitli necrosis in lower .stem with eollap'sed cells and granular deposit. 
. Bt TransY^erst section of root showing phloem and cortical necrosis. X 240. , 






/is Frogressive stages in starch dissolution . The black center of small spheres is the hilum which disappears 
in late stages of dissolution. B, 6, Final stage of starch dissolution leaving a threadlike mass around 
nucleus; a, healthy cell with normal starch grains. X 275. Cy a. Normal palisade cells, X 275; 6, normal 
mesophyii cells^ X 275; c, normal chloropiast in mesophyll, X 980; d, normal chloroplasts in palisade, X 980; 
e and /, palisade and mesophyll celhi, intermediate stages of depletion of chloroplasts. Vacuoles have 
disappeared leaving chloropiast membranes (in palisade and mesophyll cells) X 375; g, mesophyll 
cells, late stage of chloropiast depletion with remains grouped around nuclei, X 375; ft, palisade 
cells. Inte stage of chloropiast depletion with remains scattered throughout palisade cells; nuclei promi- 
neni, X 375. B, Interinediare stage of starch dissolution showing starch grains aggregated around 
nuclei. X 9Sd. E, Late stage of starch dissolution showing a group of spheres around nucleus. X 980. 
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leave their parietal position, and become scattered tliroiigliout the cell 
(pi. 3, ^1, B), In the mesophyll cells the depleted chloroplasts have a 
marked tendency to cluster about the nucleus (pi. 6, C, g). In later 
stages of disorganization they stain more deeply than the noniial 
chloroplasts. 

At this stage of disorganization the nucleus undergoes a marked 
cliange. The nuclear membrane takes a much darker stain, appearing 
nearly black and the chromatin loses its affinity for the gentian and 
becomes masked with safranin so that the nucleolus is differentiated 
only as a denser spherical body. The hyaline zone wliich is conspicu- 
ous about the nucleolus under normal conditions becomes masked by 
the dense safranin stain (pi. 6 , (7, e, /, g, h). The darker staining 
nuclei become more prominent and form a dark line which is con- 
spicuous throughout the palisade (pi. 2, B). 

Phloem necrosis is one of the early microscopic symptoms in the 
stem and appears first in the basal region. The necrosis may be con- 
fined to one phloem group, either internal or extern ah but as the disease 
progresses it appears in other phloem groups where the sieve tubes and 
companion cells are most generally involved. The necrosis also 
extends into the adjacent fimdamental tissue. With the triple stain 
these necrotic areas become sharply marked through the intense 
safranin stain taken up by the walls of the cells involved. As soon 
as the pliloem necrosis is well developed, a granular mass appears 
which may fill the dead cells and in some cases also a large part of the 
lysigenous space which frequently develops in the necrotic area. The 
mass is made up of granules of various sizes and shapes so densely 
crowded that their structure is obscure (pi. 5, B). In unstained 
sections this mass is yellow; in sections stained by the triple method, 
the mass stains heavily with safranin. The necrosis of both the 
internal and external phloem tissues develops in a discontinuous 
manner throughout the stem, the secondary shoots, the stolons, the 
stem end of the tuber, and the protophloem of the roots, where it 
becomes very extensive. This discont'niious development of the 
phloem necrosis is readily demonstrated in longitudinal sections, where 
the necrotic areas show a considerable variation in extent. 

Examination of stained transverse sections of the xylem from 
diseased plants does not show the marked effect which would be ex- 
pected from the extensive browning of the tissues. Most of the xylem 
takes the normal safranin stain except for an occasional vessel or small 
group of vessels lying near the cambium, the walls of which take a 
darker safranin. Such cells invariably contain a finely granular mass 
quite different in appearance from the masses found in the phloem. 
Those in the xylem are more spongy, frequently cytoplasmic in appear- 
ance, and take a bright gentian stain, in contrast to the safranin 
affinity shown by the masses associated with necrosis in the phloem. 
In some cases these inclusions in the vessels are so dense as to appear 
to occlude the cell; in other cases they may be of a very loose spongy 
formation. An examination of these cells in longitudinal section 
shows that these tracheal inclusions rarely, if ever, completely occlude 
the vessel. They extend only a short distance, usually not more than 
double the diameter of the cell. In unstained sections the masses are 
brown. They have been observed in the xylem of the main stem, 
petioles, stolons, and tubers (pi. 5, B ) . Such, inclusions have not been 
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seen in tlie xyleiii of the secondary shoots and rootSj but this may" be 
due to iiisufFicieiit search in these organs. ^ ^ ’ 

The rusty spots which are commonly associated with the basal 
region of the stem pith are not as prominent microscopically as they 
are macroscopically. In the early stages single cells^ are found scat- 
tered throughout the parenchyma, the \ralls of which take a deep 
safranin rather than the normal orange stain. In later stages a number 
of such cells may be seen arranged in an irregular group which contains 
one or more cells with granular or globular masses similar to those 
found in the necrotic phloem and showing the same stain reactions. 
These cells eTentualh’ collapse to form a tangled mass (pi. 4, A). 
Necrosis of the internal parenchyma is also present in the tuber but 
is not evident from macroscopic examination. In the cortical region 
of the stem, stolons, tuber, and root the effect is like that described 
for the internal parenchyma of the stem._ 

One of the most striking effects of the disease is found in the storage 
cells of the tuber which are normally filled with large starch grains 
(pL 6, B, a). Prior to the first appearance of necrosis the starch grains 
migrate to the niicleiis and completely surround it. Here they undergo 
dissolution. During this process the starch grains gradually decrease 
in size, lose their oval shape, and tend to become spherical. The 
hilimi, when present, appears to become more prominent because it 
remains unchanged wiiile the starch grains decrease in size. Later 
the hilum disappears and all that can he seen of the outline of the 
starch grains are the small empty spheres wiiieh remain closely sur- 
rounding the nucleus (pi. 6, A, B, h, D, E). Finally these fuse together 
and form a stringy, often granular mass. 

The nucleus show’s no pronounced change in its staining reaction or 
appearance prior to the final dissolution of the starch spheres. At this 
time the contents of the nucleus lose their affinity for the gentian 
violet and stain dark with safranin. In general, its appearance is the 
same as that described for the nuclei in the palisade cells during the 
disorganization of the chloroplasts... In some cases the shape of the 
nuclei of these storage cells becomes irregular. This phenomenon of 
starch dissolution, followed by necrosis, continues progressively in all 
storage cells of the plant as long as the stem remains alive. 

SUMMARY 

A potato disease, the ori^ and etiology of wiiich are unknown, 
has been under observation since 1931 in West Virginia. This disease 
has become a limiting factor in potato production in some areas. 

The first external symptoms are characterized by a dwarfing, paling, 
and upward folding of the terminal leaflets. Within 7 to 10 days the 
vines wilt and die. The vascular region of the stems, tubers, stolons, 
roots, and numerous regions in the pith of the stem turn brown. A 
discontinuous dendiitic necrosis of the stem end of the tuber is one 
of the piincipal characteristics of this disease. ■ 

The anatomical features of the yoimg terminal leaflets consist of a 
lateral eiwcling together of the palisade and mesophyll cells, failure 
to reach normal size, and the elimination of the intercellular spaces. 
These changes are accompanied by a depletion of the chloroplasts and 
tlie loss of their starch grains and vacuoles. Finally, the chloroplast 
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iiiembraiies disintegrate and diffuse throughout the cell. The nuclei 
retain their normal shape but stain heavily with safraiiiii. 

An extensive necrosis exists in the phloem and adjacent parenchyma, 
and to a lesser extent in the xylem and fundamental tissue. A gran- 
ular deposit occurs in the necrotic areas which sometimes show 
lysigenoLis cavities. The vessels are sometimes filled with a granular 
material differing in staining reactions from that in the phloem and 
parenclwma. 

Before necrosis takes place the starch grains migrate toward tlie 
nuclei, become spherical, undergo a gradual dissolution, eventually 
leaAdng behind hyaline spheres which fuse together to form a thread- 
like mass. The nuclei of the storage cells generally retain their normal 
shape and take a darker stain. 
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A SIMPLIFIED METHOD OF CONSTRUCTING MEECHANT- 
ABLE BOARD-FOOT VOLUME TABLES' 

By R. H. Blythe, Jr. 

Assistant silviculturist, Lake States Forest Experiment Station, Forest Sermce, 
United States Department of Agriculture 

INTRODUCTION 

Several methods of preparing tables to show the merchantable con- 
tents of standing trees in board feet, or in some other unit of measure, 
are in customary use. All these methods have two disadvantages in 
common: They require large numbers of detailed field measurements; 
and the computation of tables by any of them is a rather lengthy and 
difficult process, particularly for anyone not specially trained in 
mensuration. 

In addition to the difficulties of preparation, the tables themselves 
have certain shortcomings. Tw^o basic types of merchantable board- 
foot volume tables are most often used. The first type relates volume 
to diameter at breast height and at total height of the tree; the second 
is based on diameter at breast height and ^^merchantable height’’, 
or the distance from the ground to a point on the trunk of the tree 
with a given fixed diameter. ^ In the first type of table, although the 
volume is based on total height, the actual volume given is that of 
the trunk up to a point of fixed top diameter. In both types, there- 
fore, the point of merchantability is actually determined solely by 
minimum diameter. ^ This is a disadvantage, because in actual utffi- 
zation merchantability is much more often limited by the presence 
of large limbs or deformities of the bole (particularly in hardwoods). 

The second type of table has the additional disadvantage of being 
difficult to use correctly in the field, because of the necessity of esti- 
mating the point on the trunk, usually quite high above ground, where 
the fixed top diameter occurs. 

A method of preparing volume tables which takes into account the 
fact that the position of large branches and irregularities of the bole 
more often determine the actual upper limit of merchantability than 
does an assumed minimum diameter, -would seem to have practical 
advantages. Such a method is described in this paper. 

FACTORS INFLUENCING VOLUME DIFFERENCES AMONG SPECIES 

The common practice in forest mensuration is to use a different 
volume table for each species and sometimes even for the same species 
in different localities. It may be assumed, therefore, that the cor- 
relation between the dependent variable, volume, and the two inde- 
pendent variables, diameter and height, is definitely affected by species, 
for if all trees had the same form, the same bark thickness, and the 
same degree of butt swell, volume would vary with height and diam- 

J Received for publication Ian. 7, 1937; issued A-ugust 1937 


Journal of Agricultural Research, 
Washington, I). C. 


Vol. 55, no. 3 
Aug. 1. 1937 
Key no. E-M 


94S0- 


-1 


( 159 ) 



160 


Vol. 55, no. 3 


Journal of Agricultural Research 


eter in exactly the same way for all species. Within species these 

factors are relatively constant, and in some cases a nmubei oi species 
are so similar as to permit of grouping. 

Numerical expressions for these several factors were worked out 
in this study for’ 14 species from three forest regions. By using these 
expressions it was possible actually to measure the clinerence betv een 
species. A single basic correlation of volume with diameter and 
height was determined. This can be modified by the use oi these 
11 mil erica] expressions so that it will fit any species oi paiticuiai 
sample of a species, 

^ ^ BARK THICKNESS 


The first factor which causes a difference between species is bark 
thickness. The diameter measnrement upon which the volume 
estimate is based is made outside the bark, yvhile the yolurne is 
measured inside the bark. Thus it is clearly evident that, if the bark 
of one species averages 10 percent of the diameter and the bark of 
a second species is 7 percent of the diameter, the correlation between 
volume and diameter for each of the species will be different. In order 
to eliminate this factor as a source of difference between species, the 
diameter breast high ^ used in the basic correlation of volume with 
diameter and height is measured, in this method, inside the bark 
instead of outside. 

BUTT SWELL 


Another factor wiiich is fairly constant within a species but different 
between species is butt sivell, which affects the measurement of diam- 
eter at breast height. Trees with a large degree of butt sw^ell have 
less volume for a given diameter than do trees with only a slight 
degree. A satisfactory numerical measure of butt swell was found to 
be afforded by the ratio of the diameter at 18.3 feet above the ground 
(top of first 16.3-foot log above a 2-foot stump) to the diameter at 
breast height, both m,easiirements being made inside the bark.® This 
factor is denoted as B. It is relatively constant within a species, 
at least wfithin rather broad geographical limits. Table 1 shows the 
average value of B and its standard deviation for a number of species. 


Table 1. — Average value and standard deviation of B (huU sivell factor) y by species 



Aver- 

Stand- 



Aver- 

Stand- 


Species 

age 

value 

ofB 

ard de- 
viation 

Trees 

Species 

age 

value 

ofB 

ard de- 
viation 

Trees 

Hardwoods:, 




Conifers: 




Basswood (Tilla fMra 



Number 

Balsam fir (Abies bal~ 



Number 


0.83 

0.054 

275 

samea (L.) Mill.) 

Hemlock ( Tsuga eana~ 

.81 

,047 

■ 81 

Beech (Fagm grandi- 
folm Ehrh.)— 

.86 

1 

.043 

330 

dwsis (L.) Carr.) 

.85 

,041 

240 

Kim ( Uimus u mericam 

Jack pine (Pinus bunk- 

L, U „ 

.84 ; 

.048 

140 

siana Lamb.) 

,86 

:,042' 

57 

Red gum (LkuMambar 
MWTdciUw L.) 

Loblolly pine (P. taeda 

.81 ‘ 

,046 

119 

L.) 

.90 

^ ■ 

,046 

106 

Red maple (Acer rub- 

Norway pine (P. resin- 

rum L.) - 

.84 

,.,.03'7 

131 

maA.it.)-— 

,90 

.073 

186 

Sugar maple (*4. me- 

Shortleaf pine (P. echi- 

charum Marsh.) 

.86 

.046 

663 

naia Mill.). 

.91 

.037 

; , ,'59 

Yellow birch (Betuia 


White pine (P. jsrfro&w 

iufea Miehx. f.) 

.84 

.040 

296 

L.) 

.88 

.034 

80 



2 4.5 feet above ground level. 

® This factor was suggested by a form-cla^ me£^nirement developed by 1. W. Girard, but differs in that 
in this ease both measurements are taken inside the bark; in Girard’s form, class, the measurement at top 
of first log is inside bark, bat diameter breast high is meaiMred outside bark. ■. 
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FORM 

Form or taper in the upper part of the bole is a tliircl factor wMcli 
causes variation in volimie between species. Several numerical 
measures of the form of trees have been devised, the most common of 
whicb is the ratio of the diameter at half the height of the tree to the 
diameter at breast height. Several minor modifications of this form 
quotient have also been used. These expressions of form all have the 
same weakness — the basic nieasiirement is diameter breast high, and 
since diameter at breast height is often affected by butt swell, the 
form c|uotient is lilvcwise influenced by the degree of butt swell 
whereas it should vaiy solely vuth taper. In this anatysis a factor 
was found wliich avoids this source of variation. This is the ratio 
of the diameter inside bark at 34.6 feet ^ above ground to the diameter 
inside bark at 18.3 feet above ground, hereafter denoted as D. Table 
2 shows the average value and standard deviation of D for a number 
of species. 


Table 2, — Average value and standard deviation of D (factor of form)^ by species 


Species 

Average 
value 
of n 

Stand- 
ard de- 
viation 

Trees 

Species 

Average 
value 
of n 

Stand- 
ard de- 
viation 

Trees 

Hardwoods: 

Basswood 1 

Beech 

Red gum 

Sugar maple 

Yellow birch 

0.89 
.89 
.87 
, .89 

.87 

0.040 
.038 
.047 i 
1 . 041 1 

i. . 041 1 

^Cumber 

275 

219 

119 

377 

157 

Conifers: 

Hemlock 

Jack pine 

Loblolly pine 

Norway pine 

Shortleaf pine 

White pine 

0.86 
.82 i 
.87 
.89 
.85 
.91 

0.072 
.057 
. 041 
.074 
. 048 i 
.038 i 

Number 

221 

67 

106 

187 

59 

80. 


By controlling these three factors, bark tliickness, butt swell {B), 
and form (Z>), it was possible to determine a correlation between 
volume and diameter which is constant for all species. 


THE BASIC CURVES OF VOLUME 

Stem measurements of approximately 2,000 trees 'were used in 
developing the set of curves which is the basis for the system of 
volume-table construction presented. These trees were first classified 
by log lengths. The trees in each log-length class^ were then sorted 
into D classes and subsorted into B classes. Thus, in the final group- 
ing, log length, D, and B were all constant wfithin a classification 
intervai. Merchantable volume in board feet was then plotted over 
diameter breast high inside bark with a separate curve plotted for 
each of the final groups. In effect, these curves represent the corre- 
lation of volume with diameter breast high inside bark, with the 
other factors (butt sw^ell and form) held constant — ^in statistical 
terms, the net regression of volume with diameter breast high inside 
bark. 

Within each log class, the curves were parallel and in logical order 
one above the other, indicating that there was no joint relationship 
between volume and the three variables, diameter breast high, i?, 
and Z>. Therefore, a single curve 'was drawn for each log class, parallel 
to the average trend of the series for that log class and through the 
ordinates which represented the average values of B and D, The 
final set of curves is illustrated in figures 1 to 5. 

> Equal to two l6<foot logs plus trimming aJIowanoe and a 2-foot stump. 







VOLUME (BOARD FEET ~ SCRIBNER) 




VOLUME (BOARD FEET - SCRIBNER) 





VOLUME (BOARD FEET - SCRIBNER) 
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Figcee 5.~CciiTeiation of volnme with diameter hreast high 
inside hark. (1,12© to 1,660 heard feet.) .. 


Next, the volume of each 
sample tree was estimated 
from the curves, and this 
estimated volume was di- 
vided into the actual vol- 
ume of the tree (determined 
from individual stem nieas- 
urements). The quotients 
thus obtained were denoted 
as R. For trees with less 
butt swell and with better 
form than average, the jB^s 
ai'e greater than 1.0; for 
tre^-s of poor form and large 
degree of butt swell, the R’s 
are less than 1.0. 

These i?'s were then cor- 
related with D and B. The 
trees were sorted into B 
classes, and a curve of R 
over D was drawn for each 
B class. Here again, the 
curves were parallel and in 
logical order, indicating the 
absence of joint relation- 
ships. A single curve (fig. 6) 
was, therefore, drawn to 
represent the net trend of 
R with D. The R was then 
estimated from this curve 
for each sample tree, and 
the differences were com- 
puted between these esti- 
mated and the actual 
i?^s. These residuals (termed 
r) were then plotted over B, 
and a curve fitted (fig. 7). 
From this curve a correc- 
tion w^as read for each sam- 
ple tree and applied to the 
value of R as estimated 
from the curve of R over 
D. These estimated and 
corrected iZ's were then 
compared with the actual 

The differences between 
the corrected and the 
actual i?^s were then sorted 
by log classes and subsorted 
by diameter classes. Next 
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tlie differences were converted into board feet and plotted against 
the original set of basic curves of volume over diameter breast Hgli 
inside bark. These curves were then redrawn wherever it appeared 
iiecessaiy. New volumes were esthnated from these curves^ new 
Ws compiitedj and these i?^s again correlated with the D and B 
factors just as in the first approximation. This process was repeated 
several times until no further adjustments in the fit of any of the 
curves were necessary. All of the curves were fitted freehand. 



D 

Figure O.—Correlation of R with D. 

When all the curves had been finally fitted, the differences between 
the actual i?^s and the estimated were sorted by species. If the 
factors used in constructing volume tables by this method are really 
effective in measuring the differences between species, the final 
average residual of one species should not be significantly different 
from that of another species, and they should all be close to zero. 
Table 3 shows the average residual of B iot each of the species used in 
developing the method. 

The average residuals of R shown in table 3 are numerically equiva- 
lent to the average deviations of estimated volume from actual vol- 
ume expressed as a percent of the estimated volume. 
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Table 3, — Average residuals by species 


Species 

Trees 

Average 

residual 

Species 

Trees 

Average 

residual 

CStifTor rrifirilp .... 

Number 
\ 166 
137 
275 
239 

Percent 

+0.31 

-.31 

+.70 

-.70 

Jack pine 

Number 

57 

117 

' 183 

Percent 
-1. 12 
50 

+1. 80 

'Yellow birch 

Norway pine (second growth). 
Norway pine (old growth) 

Bf'iS'^worid 

Hemlock 



Fislier’s analysis of variance test ^ was used to determine the sig- 
nificance of the differences between the observed residuals. Although 
the test showed that the differences are significant, they are actually 
so small and so slightly removed from zero that the fact of statistical 
significance is of little practical importance. It should be noted 
(table 3) that the difference between the two groups of Norway pine 
is nearly as great as the difference between the most extreme cases 
(Noiway pine old growth and jack pine). The residuals are chiefly 
the result of variations in volume associated with taper in the portion 
of the tree above two logs, over which portion the method aftbrds no 
direct control. 

As a test the volumes of several groups of trees wliich had not been 
used in developing the method were estimated and the residuals listed 
in table 4 were obtained. 


Table 4. — Average residuals of species not used in developing the method 


Species 

1 

j 

Trees 

Average 

residual 

Species 

Trees 

! Average 
residual 

1 

Shortleaf and loblolly pines... 
Mixed southern hardwoods—. 
Red gum 

Number \ 
165 
79 
118 

Percent 

-0.41 

-.95 

-.84 

Sugar maple 

Number 

210 

80' 

Percent 
\ -.20 
+.69 

White pine 




The index of correlation is another measure of the effectiveness of 
the method. In order to test the theory of the method rather than 
its accuracy under field conditions, the volume of each sample tree 
was estimated, using its individual D and B factors, a method which 
is not practicable under field conditions. By wurking in this manner, 
a correlation index of 0.9765 was obtained. Thus it was demonstrated 
that a very large proportion (95 percent) of the variance in volume is 
accounted for by the variables taken into consideration. 

APPLICATION OF THE METHOD 

COLLECTION OF DATA 

In eollecting sample tree measurements to be used in constructing 
volume tables by this method, the objective should be to sample as 
well as possible the area to which the table is to be applied. The 
number of trees to be measured depends on the accuracy desired and 
the uniformity of the area. On the basis of this study it appears 
that 100 trees will generally give average values of D and B with stand- 
ard errors of less than 0.005. For use in restricted areas, where greater 

'Fisher, R. A. statistical methoi>s fOR bessabch workers. Ed. 4, 307 pp.> illiis. Edinburgh 

and London. 1932. 
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constancy of fomi and butt swell can be expected^ a smaller number 
of trees will suffice. 

Only four measiireiiients are needed from each sample tree. These 
are (1) diameter breast high outside bark, (2) diameter breast high 
inside bark, (3) inside-bark diameter at 18.3 feet above the ground, 
and (4) inside-bark diameter at 34.6 feet above the ground. Only 
trees vitli a reasonably normal form should be measured; trees with 
proiioiiiiced irregularities at the points of measurement should be 
avoided. Even though such trees do occur in the area to wliich the 
volume table is to be applied, their mclusion among the sample trees 
oiih^ adds inaccuracy to the estimate of the normal trees. 

COMPUTATION OP FORM AND BUTT SWELL FACTORS 

After the measurements have been collected, the next step is to 
compute the values of the two factors, B and Z>, for each tree, using 
the following formulas: 

Di^nieter inside bark at 18.3 feet 
Diameter mside bark at breast height 
Diameter inside bark at 34.6 feet 
""Diameter inside bark at 18.3 feet 

^ After these two factors have been computed for each sample tree, 
either of two methods may be followed, clepending upon the amount 
of data on hand and the accuracy desired. The first and simplest 
method is to determine the arithmetic average of each of the two fac- 
tors by summing the individual values and dividing by the number of 
observations. The second method involves the correlation of B and D 
with diameter and height. This scheme is merely a modification of 
the first method and follow’s it analogously. 

The following numerical example illustrates the computation. 
Measurements w-ere first taken on 296 yellow birch trees in the 
Upper Peninsula of Michigan. From these data the average D was 
found to be 0.87 and the average B 0.84. The next step is to deter- 
mine R from the curve shown in figure 6, or from the values in table 5. 


Table 5.' — Values of E and JO, as read from figure 6 


, M 

^ — — 

Value of E for hundredths indicated 


0.00 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

, 

0.09 

aw 

0.73 

0. 73 

0.74 

0.75 

0.76 

0.77 

0.77 

0. 78 

0. 79 

0.80 

.70 

81 

.82 

.83 

.m 

.85 

.86 

.88 

.89 

.90 

.91 

.Ml 

.92 

, 93 

,95 

.9B 

.§7 

.98 

1,00 

1.01 

1. 02 

1.04 

.90 1 

1. 05 

1, «5 

1.08. 1 

1.09 

1.11 

1. 12 

1.14 

i 

1. lo 

! 1. 16 

I.IS 


From this table or the curve of figure 6 the R value which corre- 
sponds to a of 0.87 is found to be 1 . 01 . 

'^e next step is to determine the correction factor to be applied 
to R; this factor is toown as r and is found in figure 7 or table 6 by 
looking up the r which corresponds to the average value of B (0.84). 
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Table 6. — Values of r and B as read from figure 7 


Values of r for hundredths indicated 


B 

0. 00 

0.01 

0.02 

0. 0.3 

0. 04 

0.05 

0.06 

0. 07 

0.08 

0.09 

\ 0. a) I 

I . 70 ; 








-0. 46 

-0. 44 

-0. 42 

i -0.40 

-0. 38 

-0.35 

-6.33 

-0.30 1 

-0.28 

-0. 26 i 

i -.23 

-.20 

-.18 

1 . so ! 

1 —.15 

-.12 

10 

1 -.07 

-.04 i 

-.01 

+.02 

i +.05 

+.08 i 

+.11 

1 .90 1 

: -b. 14 i 

1 1 

4-. 17 

-f.20 

i +.23 

+.26 1 

I 1 

+.29 

+.32 1 

+.35 

1 

+.38 1 

1 

+.42 


In this case r equals —0.04. This value is then applied (added or 
subtracted according to the sign given in the table) to the value of E 
already found, and the result, in this case 0.97 (1.01 — 0.04—0.97), is 
used to adjust the basic table of volume over diameter inside bark. 
These volumes are presented in figures 1 to 5 and also in tabular form 
in table 7. 


Table 7. — Volume in hoard feet, Scribner decwial C rule by diameter breast high, 
inside bark, and merchantable length in IS. 8-foot logs 


Diameter breast 
inside bark 
finches) 

Volume by merchantable length 
in number of 16.3-foot logs 

Diameter breast 
inside bark 
(inches) 

Volume by merchantable length 
in number of i6.3-foot logs 

2 

3 

4 

5 

2 

3 

4 

5 


Board 

Board 

Board 

Board 


Board 

Board 

Board 

Board 


feet 

feet 

feet 

feet 


feet 

feet 

feet 

feet 

s 

31 

43 



21 

370 

480 

574 

624 

Q 

44 

59 



22 

412 

538 

640 

694 

10 - - 

59 

76 

88 


23 -J 

453 

598 

708 

767 

11 

78 

97 

114 


24 

497 

663 

781 

845 

12 

98 

121 

145 

168 

25 

544 

728 

861 

930 

13 

121 

148 

179 

204 

26 

593 

795 

946 

1,016 

14 

146 

178 

216 

24.3 

27 

645 

868 

1,034 

1. 107 

15 

171 

213 

256 

287 

28 

705 

942 

1, 121 


HR 

198 

249 

301 

334 

29 

768 

1,021 

1,217 


17 

228 

288 

346 

385 

30 

837 

1, 106 ‘ 

1,317 


18 . 

260 

330 

398 

438 

31 

908 

1, 197 i 

1, 421 


19 

295 

377 

450 

496 

32 

984 

1,278 ' 

1, 527 

i 


20 

332 

426 

509 

559 





All that remains is to multiply the curved or tabular volumes by 
0.97 and then convert to an outside-bark basis.® 

PROCEDURE FOR ONE-LOG TREES 

It will be noticed that there is no volume curve for one-log trees. 
Since the merchantable length of these does not extend to 34.6 feet 
it is not possible to compute the factor D for one-log trees. ^ However, 
the product of the average value of the factor B and the inside-bark 
diameter at breast height of any tree is equal to the diameter inside 
bark at the top of the first 16.3-foot log of that tree, which, in the 
case of one-log trees, makes up the entire volume. Therefom, it is 
necessary only to look up the volume of a log of this diameter in table 
8 to determine the volume of the tree. Using, for example, the aver- 
age 5 found for yellow birch trees, 0,84, to find the volume of a tree 

In actual practice, time can be saved by reading from a curve of inside-bark diameter at breast height 
over outside-bark diameter at; breast height the inside-bark diameters which correspond to whole inch values 
of ouiside-bark diameters, and then reading the volumes which correspond to these fractional values of 
inside-bark diameter from the curves. 
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witli a diameter breast high inside bark of 14.8 inches (corresponding 
to an outside-bark diameter at breast height of 16 inches) it is neces- 
sary to iiiiiltiply the diameter breast high by the factor (14.8X0.84). 
The result, 12.4 inches, is the diameter inside bark of the top of the 
first log. The Toliime of this log is found, in table 8, to be 93 board 
feet, which is then assigned as the volume of one-log trees with an 
outside-bark diameter breast high of 16 inches. This procedure is 
followed for all diameter classes. In order to avoid interpolation or 
curving, it is advisable to determine the inside-bark dimieters at 
breast height which correspond to whole inch values of diameter 
breast high outside bark before computing the volumes. 

Table 8 .- — Scale of 16-foot logs read to nearest hoard foot from Scribner Decimal C 
Tide computed hy formula V = 0.79 D- —^0 — 4 


Volume for tenths of inch indicated 


bark . (inches) 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 


Bdjt. 

Bd. ft. 

Bd.ft. 

Bd.ft. 

Bd.ft. 

Bd.ft. 

Bd. ft. 

Bd.ft. 

Bd.ft. 

Bd. ft. 

6-- 

12 

12 

13 

14 

15 

16 

17 

18 

19 

20 

7 

21 

22 

23 

24 

24 

25 

26 

27 

28 

29 

S--. - 

30 

31 

32 

33 

34 

36 

37 

38 

39 

41 

9 

42 

43 

45 

46 

47 

48 

50 

51 

52 

54 

10 - 

55 

56 

58 

60 

61 

63 

64 

66 

67 

69 

11 

70 

72 

74 

75 

77 

78 

80 

81 

83 

84 

12 

86 

88 

90 

91 

93 

95 

97 

99 

101 

102 

13 

104 

106 

108 

no 

111 

113 

115 

117 

119 

121 

14 

123 

125 

127 

129 

131 

133 

135 

137 

140 

142 

15 

144 

146 

148 

150 

153 

155 

157 

159 

161 

164 

16 

166 

168 

171 

173 

i 175 

177 

180 

182 

185 

! 187 

17, 

189 

191 

194 

196 

199 

202 

204 

207 

210 

213 

18 

216 

218 

221 

224 

227 

229 

231 

234 

237 

240 

19, 

243 

245 

248 

251 

254 

257 

260 

1 263 

266 

269 

20 , 

272 

275 

278 

281 

284 

287 

290 

293 

296 

299 

21 

302 

305 

308 

311 

314 

317 

320 

323 

327 

330 

22, 

334 

337 

340 

344 

348 

351 

354 

358 

361 

365 

23..., 1 

368 

372 

375 

379 

382 

386 

390 

394 

397 

400 

24 - 

403 

407 

410 

414 

417 

422 

425 

428 

431 

435 

25.. i 

440 

443 

447 

450 

455 

458 

462 

466 

470 

474 

26 1 

478 

482 

486 

490 

494 

497 

502 

506 

510 

514 

27 ' 1 

i 518 

522 

526 

530 

534 

537 

542 

546 

550 

554 

28- — 

! 559 










29 

602 










1 


j 
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MODIFIED PROCEDURE 

If very exact results are desired and there is sufficient material at 
hand, the values of D and B can be correlated with diameter breast 
high alone or with diameter breast high and height. In many cases 
the correlation is so slight that it can be ignored and the simple aver- 
ages of D and 5 used. Wlien a fair degree of correlation is found, 
however, the volume table can be improved by estimating D and B 
for each diimeter class separately and determining the corresponding 
conected R^s. ^ Once the curves of D and B have been established, 
tliis procedure is equally simple and direct. 

A number of other modifications are possible and will suggest them- 
selves to anyone working with the method. 

APPLICATION OP THE TABLES IN THE PIELD 

Much of the dissatisfaction with the older types of tables has its 
origin in the application of the tables in the field. 'When properly 
used they give excellent results, but it is necessary to follow exactly 
the specifications which were set up when the tables were constructed. 
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Tables of the type described here can be used with niiich greater 
flexibility and with little chance of mistakes in application. The 
tables present the volume in board feet (according to the Scribner 
decimal C rule computed by the formula X^=0.79D^'”-2D— 4), above 
a 2-foot stump ancl up to whatever height the tree is merchantable 
regardless of diameter at that point, provided it is over 6 inches. 
The merchantable height should be estimated to the point where 
actual utilization will cease, which in most cases will be determined 
by the presence of large limbs or bole deformities. So long as the 
merchantable length is not carried up into the top where the main 
stem becomes rough and irregular, the table will give highly accurate 
results. Field checks have shown that the volumes given agree 
very closely with the actual volume removed in logging operations. 

If there "are species which have extremely low values of both D 
and B (below 0. 65-0.78) the volumes as given by this method will 
be slightly low. Such low values, however, were not found in any 
of the species used in this study, and are unusual. 

SUMMARY 

A new and simple method of constructing board-foot volume 
tables is presented. This method takes into account the fact that 
the upper limit of merchantability is more often fixed by the position of 
large limbs or deformities than by minimum diameter. A set of basic 
curves of volume over diameter at breast height, inside bark, serves 
as the foundation. These curves are modified by the use of two 
numerical nieasures of form and butt swell so that they -will fit any 
species coming within the size range of the material presented. 

The construction of tables by this method presents several advan- 
tages not found in other methods. The collection of data is simplified 
because only a relatively few trees must be measured and only four 
measurements are required from each tree. In the computation of 
the field data only two simple ratios need to be worked out for each 
tree and an average of each computed. It is not necessary to deter- 
mine the actual volume of the trees. There is the added advantage 
that only one result is possible — there is no chance for variation 
between tables made by several workers from the same data. Thus, 
no highly specialized knowledge is necessary for the construction of 
tables by this method. ■ ■ 

Accuracy of the volumes computed from this type of table has been 
demonstrated by actual measurement of logs. 




RHYNCHOSPORIUM SCALD OF BARLEY, RYE, AND 
OTHER GRASSES' 

By Ralph M. Caldwell 

Associate pathologist^ Dwisian of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture ^ 

INTRODUCTION 

Scald of barley, rye, and other grasses, caused by Rhfnchosjmrium 
spp. is a common foliage disease in many parts of the world. In 
certain regions of North America it has been one of the principal 
limiting factors of barley production. Little study has been given 
this disease by pathologists in the United States and only slightly 
more in Europe. The present studies, initiated in Wisconsin in 
1926, comprise a general consideration of the taxonomy, physiology, 
and host specialization of the causal fungus and of the host-parasite 
relationships, and seasonal development of the disease. The findings 
relative to physiologic specialization and pathological histology 
stand in marked contrast to those of Bartels (1) ^ in Germany and 
Brooks (S) in England. Two preliminary reports have been published 
on this work {3, 4)- 

THE DISEASE 

COMMON NAME 

Several common names have been applied to the disease referred 
to as ^^scald” in this paper. These include ^leaf blight^^, ^leaf spot^^, 
^deaf blotch’^, and ^'scald.’^ With the exception of the latter, each 
of these has been used to designate another cereal disease and is 
avoided here to prevent confusion. The term '^scald^^, besides being 
distinctive among cereal disease names, has in its favor the facts that 
it is accurately descriptive of the disease in its most aggressive form 
and that recently it has been frequently used. 

HISTORY, DISTRIBUTION, AND ECONOMIC IMPORTANCE 

Oudemans (17) first recorded the discovery of the scald organism in 
June 1897, having found it on rye {Secale cereale) in the Netherlands. 
He reported it under the name Marsonia secalis n. sp. Frank (il), 
in October 1897, gave the first adequate description of The disease, 
reporting it on barley and rye in Germany. He recognized it to be 
of consiclerable economic importance on barley, particularly when the 
plants Yvere attacked in advance of the heading stage. Seedling 
plants of barley were reported to be killed by severe attack. Frank^s 
examination of herbarium specimens revealed tbe presence of the 
disease in Germany in 1894, which is its earliest known occurrence. 

’* Received for publication Apr. 13, 1937. Issued August 1937. Cooperative investigations by tbe Division 
of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agrieulture, and tbe Depart- 
ments of Plant Pathology and Botany of the University of Wisconsin, and tbe Departnient of Botany, 
Purdue Agricultural Experiment Station. 

- Tbe writer gratefully acknowledges the assistance of Drs. J. G. Diekson and E. M. Gilbert of tbe Uni- 
versity of Wisconsin during tbe progress of these studies. 

” Reference is made by number (italic) to Literature Cited, p. 198- 
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Frank reported inoculation experiments by E. Heinsen proving the 
relationship of the causal fungus. Heinsen (i^), in 1901, published 
a full account of Ms experiments ■with scald, referred to^ by Frank. 
His inoculatjons showed barley and rye to be susceptible, wheat 
slightly susceptible, and oats immune.' 

Since these early papers scald has received little attention other 
than in records of occurrence and a report of resistance in barley by 
Johnson and Mackie (13), imtil the recent publications of Brooks 
(S), Bartels (7), and Mackie (16). The disease was first mentioned 
in American literature in 1917,^ when it was reported to have been 
prevalent in 1915 in the United States. It is now kno-vvm to occur 
widel^^ in northern Europe and in the United States, and in Canada, 
New^South Wales, Tunis, Argentina, and^ Peru. Reports of severe 
losses from scald have come only from the United States and Germany. 
The disease occurs very frequently in severe form on the winter barley 
crop of the Pacific Coast States and Idaho. The most destructive 
epidemics have been reported in the interior valleys of California 
where a positive correlation was noted between scald resistance and 
yield (6). Barley yields in this region have been estimated to be 
reduced as much as 20 to 30 percent (S). In the same State in 1925,^ 
the disease was reported as “killing the leaves, shrivelling the kernels, 
and weakening the plants to such an extent that a reduction of yield 
of probably 2o percent occurred.^’ Wiebe ® makes the following 
report of barley scald in California, based upon comparative yields of 
susceptible and resistant varieties duidng epidemic and nonepidemic 
years: “In 1935 barley scald was a serious disease in California. 
Yields of susceptible varieties were reduced from 10 to 15 percent.’^ 
Less frequently scald may become prevalent in other sections of the 
United States but has not been considered of major economic sig- 
nificance, In spring barley plots at Madison, Wis., in 1928, 1929, and 
1930, the disease became abundant during the booting and heading 
stages of growth. The foliage w'as almost entirely MUed, yet the 
plants matured and produced apparently normal heads and grain. 
Although yield reduction must have resulted, no measure of the loss 
could be made. In Europe, scald has been reported as severe on the 
seedling and mature plants by Frank (11) and Heinsen (IB). Brooks 
(B) states that susceptible varieties in England, although suffering 
loss of almost all the lower leaves, recovered as the plants matured, 
and showed no appreciable effect of the disease at harvest time. 


PLANTS ATTACKED 

In addition to very commonly attacking barley (Hordeum vulgare 
L. and H. distickum L.) and rye (Secale cereals L.), scald has been 
reported twice on wheat (Triticum asstimm L., T. imlgare VilL), once in 
Germany (IB), and once in Washington State in the United States/ 
It was also once reported on oats sati/m L.) in Denmark (14). 

A number of grasses belonging to seven genera are also reported to 
be attacked. The literature to date lists the following occurrences of 
this disease on grasses, namely, Agropyron repens (L.) Beauv. in 


« United States Bureaf of Plant Inbfstby.- disease caused by eyhnchospoeixjm geamikicola. 
U. S. Bur. Plant laclus. Plant Disease Bull. 1: 9. ' 1917. , [Mimeographed ■ . . 

« Haskell. R. J. scald caused by beynchosporium secalis (odd.) da vis. XJ. S. Bur. Plant Indus. 
Plant Disease Reptr. Sup. 48; 341. 1926. [Mim-eo-graphed.j 
8 Personal TOrrespondenoe with G. A. Wiebe, Division of Cereal Crops and Diseases, Bureau of' Plant 
Industry, U. S. Department of Agriculture. ^ 

• Johnson, A. G., and Haskell, R. J. ehynchosporium geaminicola ... U. S. Bur. Plant Indm 
Plant Disease Bull. Sup. 8: 37. 1920. [Mimeographed;,] 
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Wisconsin 8)^ Oregon;^ Denmark {14), and Gerinaiiy {!); A. 
dasystachyuni (Hook.) Scribn.^in Oregon;^ Bromus inermis Leyss. 
in Wisconsin {3, 9) ; B. mollis H in England {2) ; B. sterilis L. in England 
(S); Daetylis glomerata L. in Wisconsin (9), England (2), and Oregon; ^ 
Danihorda sp. Lam., and ^DC. in Oregon;^ Elymus robustus Scribn. 
and J. G. Sm. (canadensis) in Wisconsin (4); E. gkmcus Buckley in 



Figitee 1. —Morphology of conidia of races ot Rhynchosporium secalis and of R. orthosporunir produced on 
their respeetiye hosts and in cultures isolated from these hosts. A, J5, Barley race of R. secalis from host 
and culture respectively; C, X>, rye race of R. secalis from host and culture respectively; F, Agwpyron 
npem race of R. weulis from host and culture respectively; G, H, Bromus inermis race of R. stcalis from 
hckst and culture respectively; I, J, Elymus canadensis race of JR, secalis from host and culture respectively; 
JiT, jR, orffeosjJorEm from host and culture resx)ectively. 

Oregon;® Hordeum juhatum L. in Wisconsin (3) and Oregon;® H. muri-^ 
7ium L. in Germany (1) and Oxegoii; ^ Lolium perenne h, in Germany 
(i) and Oregon ; ® L, multiflorum Lam. in Oregon; ® Milium effusum L. in 
Denmark (14 ) . In addition, tbe writer has found the disease on Elymus 
virginicus^ L. in Indiana and on Hordeum jubatum, L. in South Dakota. 

Daetylis glomerata has been found by the writer in Wisconsin 
attacked by an unclescribed species of Bhynchospormrn differing from 

® Sprague, E. a PRELiiwiNARy check list op the parasitic p,u5?gi on cer,ea,ls and other grasses in 
or:^on. t . S. Bur. Plant Indus. Plant Disease Beptr. 19: fl66Pl86. 1935. [Mimeographed.l 
s Haskell, E. J. See footnote 5. ■' '■ 
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R. secalis in the cylindrical shape and lack of apical beak of the 
coiiidia (fig. 1, K, L). The symptoms of the disease are very similar 
to those caused by secalis on other hosts. An exaiiiinatioii^of the 
collection from which Dreehsler (9) reported R., secalis on^ this host 
has shown the coiiidia to be those of this imdescribed species. This 
species has also been collected by Sprague® in Oregon and submitted 
to the writer for identification. Thus, the only two reports of 
Rhynckosporium on D. glomerata in the United States have proved to 
be based on the new species rather than on if. secalis. The description 
of the new specieSj designated as E. orihosporum sp. nov., is given 
herein in the section on Taxonoim-^' and Nomenclature.^ 

A number of grass species not reported as naturally infected in the 
field have been infected by artificial inoculation with Rhynchospornmi 
secalis, Bartels (1) reports the following species artificially infected 
with inoculum collected in Germany: Lotnim iiaUeum, Poa pratensis, 
P. 7iemoraliSy P. conipressay P, triviaUSy Broinns arcensis, Agrosiis 
siolordfer, Cynosurus eristaiuSy Phleum pratense, and Holeus lanatus. 
The writer has artificially infected the following species, unknown 
to be naturally infected: Agiapyron tenerumy Bromus arenariuSy B. 
la/rmginosiiSy B, madritensisy B. cillosuSy Elymus striaius, Hordewn 
rmhsumy and PL pmilbmi. 

SYMPTOMS 

Scald as it occurs in Wisconsin, and as it has been described most 
frequently, is primarily a foliage disease attacking most conspicuously 
the blades, and to a lesser degree the leaf sheaths. The disease symp- 
toms are strikingly similar upon all of the hosts observed by the writer 
(pL 1) and may easily be recognized and distinguished from those of 
other leaf-spotting diseases of cereals and grasses. In the early stages 
of development, the lesions are of a dark bluish-gray color with a 
water-soaked appearance. Such areas are often 1 to 2 cm in length 
before evident coUapse of the tissue occurs. This collapse takes 
place very rapidly, and in this stage, especially upon barley w^here 
large ^ numbers of lesions are coalescing, the impression of rapid 
scalding is created. Lesions developing separately tend to assume a 
lenticular shape. The scalded area soon dries and the center assumes 
a light-gray color. The margin assumes a dark-brovm color, which is 
the most distinguishing feature of the scald leaf spot. Successive 
enlargements of the lesions may occur and concentric brown rings 
result (pi. 1, Ay 5), giving the lesion a zonate appearance. Leaves 
are completely destroyed by severe infection and often almost com- 
plete defoliation of the host results. 

PATHOLOGICAL HISTOLOGY 

The relation of the scald fungus to the host tissue and the develop- 
ment of the disease have been studied microscopically upon barley 
leaves naturally infected in the field and artificially infected in the 
greenhouse. Stages in the development of the disease from penetra- 
tion of the host to complete break-dovpr of the leaf tissue and fructifi- 
cation of the pathogene have been foUow^ed. 

In the study use was made of both longitudinal and transverse sections 
of the leaf and of cleared whole leaf segments. Material for sectioning 
was fixed in both chrom-acetic urea and formalin-acetic-alcohol fixa- 


See' footnote on page 177. 







Figuee 2.— -Penetration of cuticle hj Hhynchosponum secalis and development of subcuticular mycelium: 
a, Conidium; b, appressorium; c, subcuticular myceliuui, d, vertical epidermal cell wall. Drawn ’with 
the aid ot the camera lucida. X 700, 

most useful teclinique used for differentiation of host and parasite 
tissues and pathological conditions in the host. The stages during 
conidium germination, appressorium formation, and after penetration 

explanatory LEGEND FOR PLATE 2 

A. Germinated conidium of Bhyrnhosporium secatin on a barley leaf. X 1, 200. a, Conidium; b,. germ tube; 

c, appressorium; d, vertical wall of epidermal cell. 

B. Longitudinal section of seedling barley leaf showing penetration to the subcuticular position. X 1.900. 

a. Upper cell of conidium; b, short germ tube; c, appressorium; d, penetrating hypha; e, papillate 
growth on epidermal wall about point of fungus penetration; /, normal wall penciled to show clearly 
, the normal thickness. 

C. Longitudinal section of a young infection of a leaf of a nearly mature barley plant. X L-UO. a, Cross 

section of minute, slightly flattened, subcuticular hyphae; 6, altered section of upper epidermal cell 
wall failing to retain safranin stain, 

1). Transverse section of a collapsing lebion on a leaf of a nearly mature bm-ley plant. X 1,S00. a, Cross 
seeiions of subcuticular hyphae; b, cuticle of cell wall. 

.E. Transverse section of an advanced lesion on a leaf of a nearly mature barley plant. X 475. a, Collapsed 
mesophyll; b, normal mesophyll at margin of lesion; c, shows marginal advance of collapsing epidermis 
on dorsal surface over normal mesophyll at 6; d, normal epidermis on ventral, noninfeeted side of leaf. 
F. Longitudinal section of an advanced lesion on a leaf of a nearly mature barley plant showing penetration 
from the superficial stroma into the mesophyll. tt. Superficial stroma; 6, hyphae penetrating: epider- 
mal cell or cell wall; c, hyphae invading mesophyll; d, collapsing mesophyll cell adjacent to invading 
hyphae. ■ ■ . ■■■ 
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of tlie cuticle were satisfactorily studied in segments of whole leaves 
killed and partially cleared in a 50-50 mixture of 95-percent alcohol 
and glacial acetic acidj and stained in an aqueous solution of cotton 
blue. The conidia and germ tubes were lieaTilv stained while the 
host tissue remained clear. Although the subcuticular hyphae could 
not be stained because of the covering of cuticle, they were cleaiix^ 
visible by microscopic observation, owing to light refraction. 

Less complete observations of pathological histology have been made 
on scald of rye, Agropyron repens, and Dadylis gloraerata. The 
macrosco'pic syiiiptonis as well as internal pathology appear be 
identical for scald on these hosts and on barley. Because of this sini- 
ilarity the scald of barley has been selected for study as a representa- 
tive ^of the group of scald diseases, and all statements following refer 
specificalty lo scald of barley. Ail evidence at hand indicates that 
they .apply also to the disease on the other hosts. 

Mode of Infectiox 

In the early stages of the development of Rhynchospormm in the 
host tissue the mycelium is wholly subcuticular. Penetration to the 
subcuticular position is effected witiiin a 48-hour period. The germ 
tubes form very small rounded structures at the ends, apparently func- 
tioning as appressoria, from which penetration occurs (fig. 2 and pL 
2, S). Several appressoria may develop upon the branched germ 
tube system originating from a single conidium. Immediately 
beneath the appressoria the outer epidermal wall thickens to form a 
rounded papilla, several times the thickness of the wall, which projects 
into the lumen of the cell (pL 2, B, e),^ The penetrating hypha grows 
into this thickening and then laterally in a subcuticular position (pi. 2, 
S, d, and fig. 2). Penetration may occur on either the dorsal or 
ventral epidemial surface. 

Development of Fungus in the Host Tissue 

Following penetration, the subcuticular mycelium grows rapidly 
and branches profusely. The first hyphae are Very small in diameter 
and slightly flattened and oval in cross section (pi. 2, O, a). They 
remain very small for several days following infection. The average 
small diameter is about 0.6ju, while the large diameter averages about 
2.2^. After occupying a considerable area of the epidermal surface, 
the subcuticular hyphae enlarge (pi. 2, D, a) and impart a grayish 
east to the mfected area in contrast to the bright green of the sur- 
rounding tissue. The outer epidermal wall, which normally takes the 
safranin stain heavily, loses its aflinity for tliis dye in the area im- 
mediately below the subcuticular hyphae (pL 2, O, b) and becomes 

EXPLANATORY LEGEND FOR PLATE 3 

.4, Longitodmal section of a mature Iwion on leaf of a nearly mature barley plant, showing restriction of 
fertile stroma to one surface of the leaf. X 700. Fertile stroma; 6, cKiIIapsed mesophyU cell; c, one 

of the rather few hyphae occunring within the mesophyll; <f, noneollapsed euidermal cell on surface 
opposite the side of infection, no stroma o<xmrxing on this surface. ■ 

B. Longitudinal aection of a mature lesion showing fertile stroma covering guard and epidermal cells. X 880. 

o, SuperieM stroma; &, hypha© penetrating through macerated epidermal <^11 walls into mesophyll. 

C. Longitudinal section of a mature lesion on barley, showing the distinctive manner of conidium production 

in RhpTiehmpoTmm semiU. X a. Immature conidium, oriented to obscure the beaked, apical 

cell; 6. cell of fertile stroma on which mnidium is bo^me. 

B. Free hand section of a lesion produced by Ekffnckoapormm alumatk (Oud.) Davis on Alisma plantago- 
aquatka, showing manner of sporulation. X 1,300. a, Immature nonseptate conidium (dark bands 
on conidium are not cross walls but stained cytoplasm, cross walls when present showing as white 
lines); 6, flask-shaped comdiophore. . . ' ' 






Rliynchosporjiim Scald of Barley, Rye. Other Grasses 


Plate 4 



I^iioto^piis of 2S-day-oW culture of five physiologie races of Rhmchospormm recalls and one culture of 
E. mikmmnim growing on potato 2 percent dextrose agar. X 1.75. . 4 , Barley race of R. mms; B, Agro- 
ppron T( pm$ mm of E. gKahs: C, Elgmus cmadensis race of R, malts; B, rye race of R. Becalm E, Bromus 
mermismmofBmmhs; B, R.orthQspOTum 
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weakened as evidenced by frequent bending and sinking at suck points. 
Tlie outer epidermal wall is the first tissue to collapse, falling against 
the lower wall of the epideniial cell (pi. 2, D and E, c). Following 
the collapse of the epidermis, the mycelium ^ begins to penetrate 
tliroiigh the macerated walls of the collapsed epidermal cells into the 
iiiesophyll from the stroma which has been formed from the sub- 
cuticular liyphae (pi. 2, F, b, r,^and pi. 3, B, b). Growth wnthin the 
Iiiesophyll is intercellular. Prior to this stage the mesophyll cells 
appear normal but rapidly collapse in the region of the invading 
iiiyceliiim (pi. 2, F, d, and pi. 3, A, 6). At this stage^the macroscopic 
symptom of scalding and water-soaking becomes evident in the leaf 
spots. Even after complete break-down of the mesophyll the mycelium 
makes only a sparse development in the mterior of the leaf (pi. 3, A, c). 
This stage is reached about 9 days after inoculation in barley and after 
about 14 days in rye and the grasses under greenhouse conditions. 

The infected area continues to enlarge by the radial growth of the 
subcuticular hyphae at its margin, the epidermis first collapsing, 
followed by successive penetrations of the fungus into the mesophyll 
(pi. 2, E, ^c). There is no evidence that radial growth of the inter- 
cellular mycelium within the mesophyll plays any important role as a 
means of enlarging the diseased area, since the subcuticular develop- 
ment of mycelium and subsequent epidermal collapse always consid- 
erably precede the appearance of hyphae in the underlying mesophyll 
at the margin of the lesion. 

Fructification op the Fungus 

During the invasion and break-down of the mesophyll^ the subcutic- 
ular mycelium develops rapidly, covering the entire area of the leaf 
spot and bmlding up a fertile stroma which may be several cells in 
tliickness (pi. 3, A, a, and B, a). At this stage the cuticle has been 
pushed away from the wall and lost, leaving the stroma completely 
superficial. The greatest growth of the fungus is in this subcuticular 
and later superficial position, the mass of the fungus there far exceed- 
ing that within the mesophyll tissue. Fructification occurs after the 
complete break-down of the leaf tissue in the infected spot. The 
conidia are formed as direct outgrowths of the cells of the superficial, 
fertile stroma (pi. 3, <7, u, 6). Sporulation is most abundant in the 
central and most completely collapsed area of the leaf spjot. 

Owing to the restriction of the initial development of iafection and 
subcuticular mycelixun to one surface of the leaf, the fruiting stroma 
and sporulation are limited to that surface, although either surface may 
become infected (pi. 2, E, c, d, and pi. 3, A, a, d). The fungus does 
not grow through the leaf to frat on the opposite surface. The 
fructifying surface can be identified macroscopically by the darker 
color of the leaf spot margin there, as contrasted with that on the 
opposite side. Fructification on both surfaces of a given leaf area 
occurs only where two separate infections take place on exactly 
opposite sides of the' leaf. 

Discussion of Pathological Histology 

Penetration has been reported and figured by Bartels (1) as being 
effected prmaiily by the growth of conidial germ tubes through the 
stomata, dhectly into the mesophyU of the leaf. He also reported 
direct epidermal penetration as occurring less frequently. Maclde 
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{16) iiiipliecl stoma tal entry by stating that the germ tubes ^^foim 
appressoiia in the stomata/’ The observation of hundreds of germi- 
nating conidia and penetrations, in 'this study, has given no evidence 
of even the rare occurrence of stomatal entry. Germ tubes repeatedly 
have been observed to have grown across the surfaces of stomata to 
form appressoria on the upper epidermal wall elsewhere. The early 
stages of the pathology of the scald disease, pn vol ving abundant sub- 
cuticular development of mycelium jprior to its appearance within the 
mesophyli tissue, precludes the possibility of stomatal entry being of 
significance in the initiation of infection. 

Bartels (i) has figured the fungus as first developing within the 
mesophyli and later groving out to the epidermis to form the fertile 
mycelium wdthin the lumen of epidermal cells of both the dorsal and 
ventral surfaces. Brooks (^), while not following penetration of the 
fungus, gives an account of fructification similar to that of Bartels, 
assuming preliminary entry of the mycelium into the mesophyli and 
later growth out to a subcuticular position or into the lumen of the 
epideinaal cells where fructification occurs. Failiug to understand 
the manner of the initiation of parasitism of Rhynchosforium, these 
workers have apparently interpreted the penetration from the sub- 
cuticular mycelium into the mesophyli as occurring in the reverse 
order. The writer has never observed a case where the fruiting 
stroma developed initially within the lumen of the epidermal cells. 
Occasionally, as shown, in plate 2, jP, 6, hyphae penetrating into the 
mesophyli appear to have traversed the lumen of the epidermal cells. 
A more' likely interpretation, how^ever, is that they have growui down 
through the vertical wail of the epidermal cells, wiiich are indiscern- 
ible, as is most wall tissue in the presence of masses of the fungus. It 
is possible that, after break-dowm of the epidermal cells, the fertile 
mycelium may develop \yithin the macerated wralls of these cells. It 
is certain, however, that in the writer’s material, hyphae did not enter 
the lumen of epidermal cells preliminary to formation of the fruiting 
stroma. 

Davis (S) stated that the conidia are borne on undifieren tinted 
hyphae protruding from stomata. The papers of Frank {11) and 
Brooks (I) and the present wmrk concur in showing this to be incorrect. 

THE CAUSAL ORGANISM 
TAXONOMY AND NOMENCLATURE 
The Genus Rhynchosporium 

The taxonomy and nomenclature of the genus Rhynchosporium. have 
become confused in European and American literature. The first 
mention of the genus Rhynchosporium occurs in a publication by Frank 
{11) in Getober 1897, in wMcli the author credits the naming of the 
new" genus to Ms associate, E. Heinsen, who had not yet published Ms 
w"ork. Heinsen {12) in 1901 published on tMs work. Both Frank 
and Heinsen failed to give formal descriptions of the genus or species 
merely giving a general description of the fungus wfitli illustrations! 
Formal descriptions were later provided by Saccardo {18) and Lindau 
(IS), who credited authority for the genus Rhynchosporium and the 
species i?. to Heinsen. 

Davis {S) in 1922 emended the genus to include all Mucedinaceae, 
Micronemeae, Hyalodidymae. Davis conceived the conidia to be 
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borne in tlie follomng manner: “An undifferentiated iiyplia makes 
its way to a stoma where it bears upon its extremity a conidium/^ 
This statement has been shown to be in error by the present work and 
that of Brooks 

The taxonomic position of the genus Rhynchosporium is somewhat 
debatable since the genus appears to possess characters common to 
both the orders, Moniliales and Melanconiales. The apparent re- 
semblance to the Melanconiales lies in the fructification from a stroma- 
like stratum. This stratum constitutes the main mycelial body of 
Rhyndtosporimn, being almost continuous over the affected portion of 
the leaf and more or less unlimited in its growth at its margin. The 
position of the stroma is essentially superficial on the leaf, although 
the initial growth of hyphae immediately foUovdng^ infection and at 
the margin of the stroma is in the subcuticular position. By prolifer- 
ation of this mycelium the stroma is progressively built up from the 
center toward the margin of the leaf spot. The margin of the stroma 
grades into a diffuse nonstromatic mycelium, in a siibcuticular position. 
The cuticle is soon pushed away and dislodged as the fruiting stroma 
is built up. Conidia are never produced within the host tissue, or 
even under the cuticle, later to be discharged. 

In the existing keys to the genera, it is true that Rhynchosporium 
might conveniently be placed in the order Melanconiales or even 
considered synonymous with Marssonina. However, this study is 
interpreted as giving little evidence that Rhynchosporium is closely 
related to genera of this order. If such an interpretation were made, 
the whole more or less diffuse and superficial fungus body, which is 
often over 1 inch long and one-half inch wide, must he considered a 
single acervuliis. Therefore, as the preferable alternative, the fruiting 
structure is here interpreted as a more or less compact, yet little 
organized mycelium, from which conidia are directly abstricted as in 
many other genera of the Moniliales. On the basis of these consider- 
ations Rhynchosporium is here recognized as a valid genus in the 
family Moniliaceae. 

Frank’s illustrations^ indicate that he correctly understood the 
morphology of the fruiting structures of the genus. However, the 
descriptions by Saccardo and Lindau are based on Heinsen’s studies 
of the morphology of the fungus in culture and are misleading as to 
the morphology of the fructifying structure on the host, w^hich, in the 
writer’s opinion, is the important distinguishing feature of the genus. 
It seems necessary, therefore, to present here an emended^ description 
of the genus, including the characteristic features of fructification. 

Rliynchosporium Heinsen. 

Parasitic, producing spots on leaves; sterile myceliiiin sparse in mesoph3rll of 
liost; mycelium subcuticular at first, later developing into a superficial fertile 
stroixia more or less covering the leaf spot; conidiophores absent; conidia one- 
septate, hyaline, sessile on cells of fertile stroma. 

The emended genus, Rhynchosporium^ would fall in the classification, Moni- 
liaceae, Hyalodidymae, Micronemeae. 

Hombnclature of Rhynchosporium secalis (Oud.) Davis 

The first published record of the^ scald fungus was made by Oude- 
mans (Jf7) in June 1897, under the binomial Aiarsonia secalis, 4 months 
previous to Frank’s publication {11) on the same organism under the 
name Rhynchosporium Heinsen. ^ Davis (7), in 1919, 

believing that Oudemans had incorrectly classified the fungus in the 
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?^:Ielancoiiiales, recognized Heinsen’s genus Bh/ynchosporiwn in iiiakiiig 
the new coiiibiiiatioii RhynchospQfium seeaUs (Oud.) Davis. 

Bartels (i)j in 1928, made the combmatioii if amsomna 
(Ell. and Et.) Sacc., placing Gloeosporium graminicolum Ell. and Ev., 
if. secalis Oud., and i?/o/ac/i-o^'poriw.m graminicola Frank in synonymy. 
He recognized as liaviiig priority a description by Ellis and Everhart 
(iO, p. loJi) of G. (Marsoiiia) gramirdcolum, collected upon an unidenti- 
fied grass by John Dearness at London, Canada. The description 
given of Ga graminicolum has nothing in common with the characters 
of the scald fungus. Tlirough the efforts of J. J. Davis, cotype 
material of G. graniinicohim Ell. and Ev. has been secured from 
Dearness for study by _ the yuiter. This specimen is not the scald, 
fungus and shows no similarity to it either in disease symptoms or 
fiingiis structure, and therefore can have no priority in the nomen- 
clature. ^ Ellis and Everhart report (10) is accurately descriptive of 
the specimen. The internal morphology of the host strongly suggests 
it to be one of the Cyperaceae. 

In view of the priority of Oudemans’ description,, the valid name of 
this species, then, is RhynchoBforium secalis (Oud.) Davis. 

New Species 

A new species of the genus Rhynchosporimn has been collected in 
Wisconsin by the writer (f ) and by Sprague in Oregon, attacking 
Dactylis glomerata. This fun^s produces symptoms identical with 
those of R, secalis. The fruiting structure is likewise similar. The 
new species, here designated as R, orthosporum, has uniformly cylin- 
drical conidia which distinguish it from i?. secalis (fig. 1). It is 
described below. 

Blijacliosporiiim orthosporum sp. nov. 

In foliis; maculis amphigenis, 0.5~3.0 cm longis, lenticularibus et saepe con- 
fiiientibus, initio humido-fusco-olivaceis, margine concolori, dein centre canis, 
brunneo-marginatis; conidiis 14.4-19.4 X 2.3-4.7 ju, erectis, clyindraceis, medio 
l-septatis, in stromatibus superficialibus sine basidiis et plus minusve maculas 
omnino occupantibus. 

Hab. in foliis Dactylidis glomeratae in Wisconsin, 1929. 

Ehyndiosporinni ortliosporum sp, nov. 

On leaves; spots, 0.5— 3.0 cm long, lenticular in shape, coalescing to form irregular 
lesions, at first water-soaked, dark olivaceous, later becoming gray surrounded bv 
a brown margin; conidia 14.4-19.4 X 2.3-4.7 m, erect, cylindrical, medianly 
septate, formed directly on cells of superficial stroma, more or less covering leaf 

spot. 

On Bmiylis glormmta L., Whitewater, Wis., May 11, 1929, Caldwell (type): 
also from other locations in Wisconsin and from Benton County, Oreg. 

Co type Specimen have been deposited in the herbarium of the 
University of Wisconsin and in the mycological collections of the 
Bureau of Plant Industr^b United States Department of Agriculture. 

Excludeb Species 

Davis (8) has made the combination Bhynchosporium alismaiis 
^ud.) Davis, placing Septoria alismaiis Oud., Aschackyta (Msmaiis 
Ell, and Ev., Bamulurm a&malia Fan tr., and DMymaria agmtica 
Starb., occurring on Alisma and Sagitiaria) in synonymy with itf 

“ Speagtji:, B. See footnote S. 
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Through the kindness of Dr. Davis, a fresh specimen of Bhyncho- 
sporium alismatis (Oud.) Davis on Alisma plantago-aquatica, collected 
by him at Klevensville, Wis., on July 12, 1929, was made available 
for study. Freehand and paraffin sections of this specimen show 
tliis fungTis to lack the superficial fertile stroma and to bear the conidia 
on short flask-shaped conidiophores on the leaf surface (pi. 3, Z?). 
Thus, this species does not fall in the division Micronemeae as stated 
by Davis (5). The presence of conidiophores together with the lack 
of the superficial stroma excludes this species from the genus Bhyncho- 
sporium. 



Figure 3.— Germination in water of culture-grown conidia of barley race of Rhynch-osporium secalis: A to R 
* represent growth stages after 8, 12, 24, and 36 hours, respectively. 


Thus the genus as here defined includes only the species Rhyncho- 
sporium secalis (Oud.) Davis and R. orthosporum sp. nov. 

ISOLATION AND CULTURE 

Cultures of the scald organism from the several hosts may usually 
be obtained by the planting of small pieces of diseased leaf tissue on 
potato-<iextrose agar after surface sterilization. Surface sterilization 
was accomplished by dipping the leaf pieces into TO-percent alcohol 
for 20 seconds, removing them to 1 to 1,000 mercuric bichloride 
solution for 1 to 2 minutes, and transferring them to agar plates 
after washing in sterile water. The fungus grows very slowly and 
requires 4 or 5 days to become macroscopically evident. Isolation 
(luring the warm summer months at Madison, Wis., is often difficult 
since the lesions are frequently overrun by various other fungi, 
predolninantly Aliernaria spp., which completely suppress the devel- 
opment of When conidia from the host are avail- 

able, cultures may be secured by pouring suspensions of conidia in 
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sterile water over agar plates and draining off the excess moisture. 
Isolated germinating spores usually must be located under the micro- 
scope and remoTed to agar slants soon after germination to avoid 
contamination. 

The conidia of Rhyjichosi)orimn secalis and of B. orthosporum germi- 
nate upon agar within a 24-hoiir period. The details of the process, 
in the case of R. secalis^ have been well described by Heinseii (i^). The 
upper cell iisiialh" germinates first, with the germ tube swelling from 
the side of the cell or tip of the beak. The lower cell may then send 
out a tube. Either or both cells commonly produce a second tube 
after elongation of the first. Conidia germinating in distilled water 
are showirin figure 3. In water at 20° C., germination begins -within 
4 hours. Tlie'contents of the conidia, at first cpiite homogeneous, 
become vacuolate preceding germination. On agar, germination is 
initiated more tardily and germ tubes elongate more slowly than in 
distilled water. 


Geowth Response upon Different Media 

All the races of Rhynchosporium secalis as well as the species R, 
orthos 2 )orum grow slowly in culture. The most rapid growth, on the 
media used, occuiTed upon potato-dextrose agar. The rye and 
barley races of the fungus have been cultured upon a variety of media 
including barley and iTe-leaf-decoction agars, corn meal, and corn 
meal l-percent dextrose agars, lima bean agar, oatmeal agar, potato, 
potato 1-percent dextrose, and potato 2-percent dextrose agars, 1- 
and 2-percent malt extract agars, and upon sterilized barley stems. 
The volume of mycelium and spores produced, within this range of 
media, apparently varied directly with the concentration of dextrose 
or soluble carbohydrate present. Judging from the conformation of 
the conidia, the most nearly normal development occurred on those 
media with low sugar content, i. e., com meal, oatmeal, and lima bean 
agars, where conidia not unlike those from the host were produced 
(fig. 1). Conidia from potato dextrose and malt agars were of 
variable shape and appeared to be little more than undifierentiated 
terminal or branch cells of the fertile hyphae. 

TEMPERATURE AND HUMIDITY RELATIONS 
CoNiDiAL Germination and Germ-Tube Growth 

To improve the inoculation technique, an experiment was conducted 
to determine the relation of temperature to spore germination and 
germ-tube elongation. Conidia of a culture isolated from barley 
were 'washed into sterile distilled water from 7-day-old corn meal- 
agar slant cultures. Drops of the spore suspension were transferred 
by a platimun loop to carefully cleaned cover glasses and were inverted 
as hanging drops over ims^led glass rings in Petri dishes. The 
bottoms of the Petri dishes were moistened with water. A selected 
staEdard-size loop was used to transfer all drops, giving them a uni- 
form size. The hanging-drop, conidial suspensions were then incu- 
bated at temperatures ranging from 2° to 35° C. At certain intervaJs 
of time 25 spores were selected at random near the periphery of the 
drop and the longest germ tube of each spore was measured. Obser- 
vations were continued for 48 hours. However, after 36 hours 
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brancliing of tlie germ tubes had become so profuse as to make meas- 
urements of germ-tube length unreliable as an index of growth. 
Only the germ tubes of conidia near the periphery of the drops were 
obsmn^edj since^ germination was more rigorous there. The data 
from this experiment are presented in figure 4. These curves show 
the minimum temperature for germ-tube growth in distilled water 
to lie between 2° and 4°, the optimum between 18° and 21°, mth the 
maximum between 28° and 30°. The sudden reduction in rate of 
growth between 21° and 24° is striking. Similar reactions were 
evident in a number of germination trials where no measurements 
were made. The same temperature relation was observed in the case 
of the conidia from a culture isolated from rye but a more tardy 
germination occurred at all temperatures. 



Figure 4.---Kelation of temperature to couidial germination and germ-tube elongation. 


l^Tien conidia in water are subjected to temperatures of 30° C. and 
aboves the contents usually become vacuolate and one or both cells 
rupture j extruding their protoplasm into the surrounding liquid. 
Some of the spores remain intact at 30° but at higher temperatures 
(32° and 35°) practically all of them rupture. As stated above, 
conidia in hanging drops were held at the several temperatures for 
48 hours. The conidia failing to germinate at 2°, 30°, 32°, and 35° 
were then placed in a 20° chamber. The spores formerly held at 
2° now promptly germinated. A few of the conidia that had not 
ruptured at 30° also germinated. Those held at 32° and 35° were 
all dead. Those spores which germinated slowly at 4° were held at 
that temperature over a period of several days and were observed 
to continue to develop to a degree which would seem sufficient to 
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produce infection. TMs is of interest in view of tlie fact that the 
disease iiiakes very rapid development on barley in the fall when 
temperatures are near and below freezing for periods of considerable 

duration. 

Sporvlatiok on the Host 

The development of scald following artificial inoculation proceeds 
iioriiially in the greenhouse during the winter under controlled tem- 
peratures ranging from 12'' to 24"" C. Leaf lesions typical of the dis- 
ease are produced, but the fungus failed to produce conidia in appre- 
ciable numbers on all such lesions examined. It was found that 
the limiting factor in conidial production under greenhouse conditions 
was apparently the low humidity, for when plants bearing sterile 
lesions were placed in a glass-moist chamber of 95-percent humidity 
and controlled temperature the lesions became abundantly covered 
with conidia, while controls in the open house at the same temperature 
failed to fruit. 

The production of conidia upon the host also seems to be affected 
by temperature. This relation was tested by placing diseased barley 
plants, found to be free of conidia, in a series of moist chambers 
(approximately 95-percent humidity) held at temperatures of 5°, 10°, 
15°, 20°, and 30° C. After a period of 48 hours^ exposure to these 
temperatures the lesions were examined for conidia. The results, 
although not quantitative, were striking. At 5° and 10° numerous 
conidia were produced, yet they were relatively few in contrast to the 
myriads to be obtained from plants held at 15° and 20°. At 30° no 
conidia could be found; however, at tliis temperature and high humi- 
dity the lesions were overrun by various saprophytes which may have 
infliienced the scald organism. These temperature relations agree 
quite closely with those for germ-tube elongation, where the fungus 
is wholly inactive at 30° and, although somewhat retarded, effectively 
active at. 5°. 

PHYSIOLOGIC SPECIALIZATION 
Material and Methods 

The inoculum (conidia and mycelial fragments) for most of the 
experiments reported here was secured from cultures of the organism 
on potato-dextrose agar slants. Except for one culture mentioned 
later, only monosporous cultures were tested. The conidia, wdiich 
are formed in masses intermixed with mycelium, cannot readily be 
washed from the tubes. Therefore, the fimgus mass was removed 
from the tubes, crushed to fine fragments with a spatula, then taken 
up with water and strained through cheesecloth to remove the larger 
fragments of mycelium. The inoculum was sprayed over the plants 
with an atomizer md allowed to dry. After drying of the inoculum, 
the plants tested in the greenhouse were reatomized with tap water 
and placed in a moist chamber held at 100-percent humidity and a 
temperature of about 20° C. The foliage was kept continuously wet 
lor 48 hours, after which the plants were removed to the greenhouse 
bench. In some tests conidial inoculum was washed from diseased 
host plants. The sources of cultures used in these studies are given 
in table 1. " ; 
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Table 1. — Cultures of Rhynchosporium secalis and R. orthosporum tested in cross^ 
inoculation studieSj with host source and place of collection 


Species and culture 
no. 

Host source 

Place of collection 

Date of collection 

Collector 

E, secalis: 


Madison, Wis 



BU 


October 1926 

Writer. 

Do. 

RO] 



October 1927 

B31 

do 

do 

do__ 

Do. 

■R42 - 

dn 

Corvallis, Oreg 

December 1928 

H. P. Barss- 
Writer. 

Do. 

B-’^’i - - 

do__ 

Madison, Wis, 


B62 



November 1929 

R7] 

dn 

Corvallis, Oreg 

March 1931 

R. Sprague. 
Writer. 

H, Klebahn. 
R. Sprague. 
Writer. 

■R.S9 

d n 

Madison, Wis 

July 1932 


do-- — 

Germany 


ITmli 

Hordeum murinum 

Corvallis, Oreg 

February 1934 

HjH 

H, jubatum 

Madison, Wis 

July 1935 

"^13 

Agropyron repens 

do 1 

October 1928 { 

Do. 

A 9 ^ 


do,> ■ 

June 1,929 

Do. 

AU ■ 

do__- 

Middleton, Wis 

July 1932 -J 

Do. 

Br i4 ' 

Bromus inermis 

Madison, Wis ' 

October 1928 1 

^ Do. 

Br. 21 

do-- 

,..„.do 

M:avl929_.- 

1 Do. 

Br. 51 

do __i 

do — 

June 1929 

Do. 

E.c. 13 

E. c. 21 

Wlnmns ranad^nsis 

do 

October 1928 _ 

! Do. 

do 

Fort Atkinson, Wis-— 

May 1929 

Do. 

E. c. 31 ’ 

do ' 

Madison, Wis 

June 1930- 

Do. 

R. 11 

Rye - 

dn . _ 

October 1926- - .. 

Do. 

R.2L 

do 

do_. 

October 1927-- . 

Do. 

R. 31 


do__ 

May 1929 

Do. 

R.41. 

do ' 

do.- 

May 1930 

Do. 

E. orthosporum: 




DU 

Bactylis glomerata ! 

do 

do._ ; 

Mav 1927.. 

Do. 

D21 

Whitewater, Wis 

May 1929 

Do. 






The cross inoculations in the field were conducted similarly. After 
spraying the plants with inocidum from cultures they were covered 
for a 48-hour period with muslin tents, which were kept moist with a 
continuous fine spray of water, after which the tents were removed. 
Only seedling plants were tested in the field. 

The host plants were inoculated in the greenhouse in various stages 
of maturity, ranging from seedling to flowering plants. The degree of 
maturity of the plants from the seedhng to the flowering stage appar- 
ently has no effect on susceptibility of greenhouse or field-grown plants. 
No attempt was made to maintain a definite number of plants of a host 
species in the different trials. Generally from three to several plants, 
growing in one or more 4-inch pots, represented a host species ha each 
inoculation series. 

Symptoms on barley appear earlier than on the other hosts and are 
at maximum development 2 weeks after inoculation. On rye and on 
species of Agropyron, Bromnis^ Elymus, Dactylis, and Hordeum 3 weeks 
or longer may be required for full expression of the disease. Observa- 
tions for infection were made at approximately weekly intervals, begin- 
ning 14 days after inoculation and continuing for 4 weeks. 

The cross-inoculation studies have involved each of the host species 
from which cultures of the scald organism had been isolated by the 
writer as well as other species of the same genera and a number of 
species of other genera from which no cultures were available. The 
host species from which the cultures used in these studies were isolated 
serve to distinguish the physiologic races of the scald organism. Seed 
of the host species dealt with in table 2 were collected in the vicinity 
of Madison, Wis., or La Fayette, Ind, 
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Table 2. — Greenhouse cross-moculation studies with Rhyrichosporium secalis and 

R, orthosporum ^ 

EHYXCHOSPOBIUM SECALIS 


Besults on differential hosts 


Host- source of culture i 

i 

Culture^ des- 
ignatioii 

Date of inocu- 
lation 

?» 


S 

^ g 

1-5 

s s 

^ a 

^ 

S s 

g g 

S s 

S S 




o 

a 

a? 

£ 

Q) 2^ 

O h 

5^-. 

CQ.S 

w S 

Si 

KI e 

w 

'w e 

■g-S 

Si 


/Rn 

Jan. 15, 1927 
Feb. 23,1929 

+ 









B31 > 

+ 

_ 

_ 


_ 

— 

_ 



B31 

Apr. 6, 1934 
May 14,1934 
Feb. 14,1929 
Mar. 15,1930 
Apr. 1, 1931 
Apr. 10,1934 


_ 

— 

_ 



' _ 

__ 


B31 5 

+ 

_ 

— 

__ 

— 

— 

— 

— 


B42 

+ 

+ 






— 





B62 

_ 


_ 


— 

_ 



B71 

+ 

__ 

_ 

__ 

— 

_ 




B71..- 

+ 

— 

_ 

— 



— 

— 

! 

B82 

Mar. 11,1933 
Apr. 11, 1934 

4- 

— 

— 

— 


— 

— 

— 


BIO 

+ 

— 

— 

— 

__ 

_ 


__ 


,B10 

May 18, 1934 
Apr. 9, 1934 
Apr. 29,1934 
Apr. 17,1935 


— 

— 

— 

— 

— 

— . 

— 


fH.m. 11 

+ 

— 

_ 


— 


— 

_ 

Hordeum murmurn 

JH. m. 11 

iH. m. 11 

+ 

+ 








_ 

4 


(H. m. 11 

Feb. 15,1936 


— 

— 


— 

— 

— 

— 


'H. j. 11 

May 6,1931 
Feb. 27,1933 
May 10,1934 
May 12, 1934 


— 


— 

— 

— 

4 


Hordeum juhaiim 

H.j. 11 

IH.j. 11 

iH. j. 110 

- ' 

- 

- 

— 

” 1 

■“ * 

4 

4- 

- 


— 

_ 

— 


= 

— 

4- 

— 


/A 13 

Feb. 25,1929 





4- : 

— 

” 

— 

— 



A 13 

June 26,1934 
Mar. 12, 1930 : 
May 2, 1931 
Jan. 12,1933 
Apr. 21,1934 
May 19,1934 
Mar. 7,1929 
; Mar. 10, 1930 

1 Feb. 18,1932 
! Mar. 19, 1929 
Feb. 14,1930 
Feb. 24,1932 1 

— 

_ 

i 4 

— 



— 

__ 




A 2 

_ ' 

_ 

i 4 

_ 

— 

_ 

_ 


Agropyron repens 

(a 2 i 




1 4 i 

_ 

— 

— 

— 



A 41 


_ 

1: 

_ 

— 


— 




A 41 



_ 

_ 

— 

_ 

— 



,A 41 

— 

_ 

' 4 



__ 

_ 


_ 


Br. 14 



— 


4- 

_ 

__ 

_ 


Bfomui inermis 

-'Br. 21 



_ 

— i 

-f 

_ 

__ 

— 



Br. 51 

_ 


— 

4- 


— 





E. e. 13 





_ 



4 




Eiymm canadensis, . . 

E.c. 21 

■ E.c. 31 

I 

I 

I 

— 

— 

4 

4 

— 

— 


lE.c. 31 

Feb. 21,1933 

— 

— i 

— 

— 

— 

4 

— 



R 11 ! 

1929 ! 


4- I 
+ i 





■— 





Rye 

4R 21 

Mar. 7,1920 | 
Feb. 28,1931 



_ 



_ 

— 




R 41 



4* 


j 



A, 













RHYNCHOSPOBIUM OBTHOSPOBUM 



fD 11 ...1 

Mar. 17, 1929 
Apr, 16,1934 
Mar. 17, 1930 
Apr. 4, 1934 





4 

+. 

4 




JMctylis glom-erata 

In 11 



i 

j 



_ 

— 



]n2i 

_ 

I 

— 




__ 



In 21.. ' 





— 



4 

_ 

— 













1 Infection is indicated by a plus (+) sign; failure to infect by a minus (— ) sign ; no test made is indicated 

by leadere. 

3 All inoculum was produced in potato-dextrose agar culture except as stated in footnotes. 

3 All cultures except A 2 were derived from isolated single conidia. 

^ Oderbrucker barley (Wisconsin Pedigree 6) and Sehlanstedt rye were used in tests made during the 
period 1927-30 and Oderbrucker (G. 1. 182) and Rosen rye during the period 1931-35. 

® Inoculuni washed from leaves of infected barley. 

® Inoculum washed from leaves of infected 

Eesults op Cross Inoculation Trials 

From tables 2 and 3 it is apparent that the cultures of Bhymho- 
sporvira secalis tested in this study represent six highly specialized 
ph^^siologic races which can be distinguished by their ability to attack 
the six hosts rye, barley, Agropyron repens, Bromus inermiSj Ely mus 
canadensis, ^ind Hordeum jubatum. 

The race of Rhynchospormm secalis attacking cultivated barley 
(Hordeum vulgare) is represented here by a total of eight cultures from 
the States of Wisconsin and Oregon and one from Germany. In 
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these tests this race has been unable^ to attack any of the species 
inoculated except barley. No variation in host specialization oc- 
curred among the several cultures of this race. Two of them, how- 
ever, cultui’es B71 from Wisconsin and BlO from Germany, produced 
symptoms more slowly than the others and fruited sparingly, while 
the others fruited abundantly when exposed to high huniidities for 24 
hours. The culture from H, murinum is apparently the same or a 
closely related form, appearing identical in its effect on barley and in 
addition attacking H. murinmn in two of the four tests conducted. 
It is likewise similar to the barley race in culture. Neither the cultures 
from barley nor those from H. murinum were able to attack H. 
nodosum or iT. pusillum. The field inoculation tests with the barley 
race are in agreement with the greenhouse tests. The barley varieties 
Oderbrucker and Wisconsin Pedigree 39 were susceptible to two cul- 
tures of the barley race, while two varieties each of rye, oats, and wheat 
were immune. 

Table 3 . — Field cross-inoculation studies with Rhynchosporium. secalis 


Results with cultures from-- 


Grain and variety inoculated 

Barley 

Bye 

B21 

B5I 

R2i 

R31 

Leaves 

inocu- 

lated 

Leaves 

infected 

Leaves 

inocu- 

lated 

Leaves 

infected 

Leaves 

inocu- 

lated 

Leaves 

infected 

Leaves 

inocu- 

lated 

Leaves 

infected 

Barley; 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Oderbrucker 

168 

63 

315 

173 

159 

0 

279 

0 

Wisconsin Pedigree 39 

183 

31 

198 

no 

159 

0 

219 

0 

Rye: 









Schlanstedt-- 

297 

0 

396 

0 

210 

25 

418 

42 

Rosen 

288 

0 

330 

0 

189 

38 

m 

39 

Oats: 









Edierson 

198 

0 

258 

0 

192 

0 

197 ! 

0 

Swedish Select — 

183 

0 

174 

0 

171 

0 

240 

0 

WhMit: 









Marquis,.- 

192 

0 

278 

0 

231 

0 

276 

0 

Turkey 

237 

0 

357 

0 

135 

0 

246 

0 


An experiment on overwintering of the scald organism reported 
below (table 4) provided another test of speciahzation of the barley 
race. In April and May 1927, barley and rye were exposed in a moist 
chamber to dead scald-infected leaves of barley that had lain in the 
open during the winter. This exposure resulted in a heat^ infection 
of the barley and no infection of the rye. 

A specific race of Rhynchosporium secalis, as represented by one 
culture from Madison, Wis., occurs on Hordeum jubatum. This race 
is distinct from that on cultivated barley and H. murinum. It at- 
tacked neither of these hosts nor any of the other hosts, here con- 
sidered as differential species. It is, hovrever, very aggressive in its 
attack of H. jubatum. It also attacks H. nodosum and H. pusillum. 

A distinct race of Ehynchosporium secalis attacking rye is represented 
in these studies by three cultures, all collected near Madison. Tins 
race is able to attack only rye among the differential hosts. No other 
host species has been found to be susceptible. The field inoculations 
04SO- — ST — — S 
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with two ciiltiires of this race showed Schlanstedt and Kosen rye to 
be susceptible^ while two yarieties each of barley, oats, and wheat 
were immune. ^ 

Agrofyron repens is likewise attacked by a distinct specialized race 
of the scald fungus. Three cultures, two of which came from the 
yicini ty of Madison and one from Middletown, Wis., represent the 
race. This race also attacks A. tenerum but none of the other differ- 
ential species. 

Three cultures from Elymus canadensis represent a distinct race of 
Rhyfichospormm secalis attacking E. canadensis but none of the other 
differential species. E, virginicus, E. striatus, and Agropyron tenerum 
were also infected. This race is the only one studied which was found 
to be capable of attacking a host species of a genus other than that 
from which it was isolated. 


Table 4. — Scald mfectimi resulting from contact of seedling barley and rye with dead 
overwintered^ scald-infected barley plants 


Host plants exposed i 

Leaves ex- 
posed 

1 

Leaves infected 

Oderbmcker barley..-.—,- 

Number 

221 

177 

Number 

165 

0 

Percent 

74.7 

0.0 

Schlanstedt rye 



A separate race of Rhynchosporium secalis is specialized on Bromus 
inermis and other species of Bromus, Three cultures from the 
vicinity of Madison represent this race. While failing to attack any 
of the differential species other than B. inermis, this race has pro- 
duced infection on B, arenarius, B, lanuginosus, B. madritensis, and 
B, nllosus. 

Tw^o cultures of Rhynchosporium orthosporum, isolated from Dac- 
tylis glomerata collected at Madison and Wliitewater, W'is., have been 
t^ted for pathogenicity on the differential hosts of the six races of 
B, secalis (table 2). Like the races of R. secalis, it sho'ws a high degree 
of host specificity, being unable to attack any variety inoculated 
other than D. glomerata. 

A number of additional species reported to be susceptible in Ger- 
many by Bartels {!), but from which no cultures were available, have 
been included in these inoculation studies with negative results. 
This group includes the Cynosums cristatus, Holcus lanatus, 

Lolinm italicum, L. perenne, Phleum pratense, and Poa pratensis. 
These species proved to be immune to one or more cultures of each 
of the races of Rhynchosporium secalis included in this study with the 
exception of (7. cridatus, which was not tested to the Bromus race. 
Bartels (1) also found Agrostis stolonif era to be susceptible, while the 
closely related or synonymous species, A. alba, w^as immune from all 
of the races tested in the present work. 

Ctjltijb\l Charagtebs OF Physiologic Races 

One representative culture of each of five physiologic races of 
Rhynchosporium secalis and one of B. orthosporum have been com- 
pared in Petri dish cultures. Culture of the race on Hordeum jubatmu 
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were not ayailable when this comparison was made. The media used 
were potato-dextrose and malt agar containing 1.5 percent of Bacto 
agar and 2 percent of dextrose and malt extract, respectively. Each 
plate contained 40 cc of the medium. The plates were inoculated in 
the centers with approximately equal masses of mycelium from 
monosporoiis cultures of the several races growing on malt agar. 

The type of growth upon the two media was similar for any one race, 
although all races grew- more rapidly on the potato-dextrose agar. 
Two general types of growth were to be distinguished among the six 
cultures (pL 4). Rhynchosporium orthosporum and races of R, secalis 
from rye, Bromus inermis, and Elymus canadensis grew out from the 
inoculum center in a uniform radial manner, while races from barley 
and Agropyron repens heaped up to form irregular masses of mycelium 
and conidia. Differences in pigmentation were marked between the 
several races. The colonies of the barley race soon darkened and 
within 2 weeks were almost black. The race from A. repens was 
quite similar to that from barley but retained a light-pink cast. 
Colonies of the races from E. canadensis and rye remained light in 
color, while the colony from B, inermis became brown and produced 
a browm pigment which stained the medium about the colony. R, 
orthosporum soon developed a very dark pigment. These characters 
are relatively constant for each race as described and appeared in all 
isolations obtained. 

Dijfferences in abundance of fructification are marked and constant 
between certain races, but this character may vary in different cultures 
of other races. In the variable races a culture may change from 
fruitfulness to near sterility or the reverse. The barley race is uni- 
formly highly conidial and has never deviated from this character. 
Cultures of the Agropyron race were similar in this respect although 
somewhat less fruitful. The race from rye is distinguished by the 
production of very few conidia in all cultures obtained. The races 
from Elymus canadensis and Bromus inermis are notable for their 
variability, some cultures producing abundant conidia and others 
none. Furthermore, a fruitful culture of these races may change to 
almost complete sterility. Attempts to influence fruitfulness in cul- 
tures by variations in nutrients and pH of media, temperature, and 
light have been unsuccessful. 

Mokphology of Conidia of Physiologic Paces 

A comparative study has been made of the shape and size of the 
conidia of six physiologic races of Rhynchosporium secalis and of i2. 
orihospomm as produced upon the host in nature and in culture. 
Fifty conidia of each race from the host, and the same number from 
7- to 10-day-old, simultaneously grown, corn meal agar cultures, were 
measured and morphologically compared. Only mature conidia 
were considered, clearly evident septation being the criterion of 
maturity. 

The conidia of the several races from the hosts proved to have no 
distinguishing features either in shape or size (table 5 and fig. 1). 
Thus Rhynchosporium secalis is a relatively homogeneous species as 
far as conidia from the hosts are concerned. 
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Table 5. — MeusureMenis of conidta from host plants and cultures of races of Rhyn- 
chosporium secalis and of R. ortliosponmn’'^ 


Species of fungus and hosts 
from which conidja and 

Length 

Diameter 

Maxi- Mini- MeandrS.E. 

mum mum 

Maxi- 

mum 

Mini- 

mum 

MeaiizhS.E. 


t/2 

o 

a 

Culture 

Host 

Culture 

Host 

Culture 

CO 

o 

H 

Culture 

Host 

Culture 

Host 

Culture 

i?. secalis: 


M fi 


n 


n 

At 


P 

At 

Agropyron repens 

18.9 

16. 2 11. 7 

9. 7 15. 0±0. 28 

13. 2±0. 28 

3.6 

4.7 

2.2 

2.5 

2. 7±0. 07 

3. 8zt0. 10 

Bromus inermis 

18.4 

21. 6 13. 0 

16. 7 16. 9± . 24 

IS. 3± . 17 

4. 7 

4.9 

2.9 

2.7 

4. 0=t: . 07 

3. 5± . 06 

Bly mus canadensis ^ 

18.0 

IS. 0 12. 1 

12. 6 15. l=t . 32 

14. 2.-t . 24 

5.4 

3.8 

2.7 

1.4 

3. 9± . 02 

3. Idb . 15 

Hordeum jubatMm _ ' 

19.8 

12.6 

16.3=t .04 


3.fi 



2.7 



2. 9± . 08 


Barley 

21. 6 

21. 6 12. 6 

13. 5 15. 8± . 21 

17. 1± . 28 

3.8 

4.9 

2 7 

2.5 

3. 3db . 05 

3. 2± . 08 

Rye 

19.8: 

17.3 10.8 

9. 0 16. 4± . 27 

12. 7± . 05 

3.6 

5.4 

2.3 

3.1 

2. 8± . 11 

4. Idb . 15 

E. orthosparurii: 











JJactylis glomerata 

19.4, 

19.8 14.4 

11.7 16. 9± .18 

16. 0— . 28 

4.7 

4.3 

2.3 

2.5 

3. 0± . 03 

3. ld= . 16 


I Measurements were of 50 spore samples of conidia from both host and cultures. Conidia were produced 
in corn meal-agar cultures 6 to 10 days old. 


This was not true, however, of conidia from culture among which 
marked and consistent differences between some races were evident. 
Thus the mean lengths of conidia of the barley and Bromus inermis 
races were 17. Ip, and 18.3/x, respectively, while those of the Agropyron 
repens and rye races were 13.2/t and 12.7/x, respectively. The situation 
is reversed relative to diameter, those of the rye and A. repens races 
exceeding those of the barley and B. inermis races. 

Discussion op Physiologic Specialization 

Two workers in Germany have published the results of cross- 
inoculation studies with Rhynchosporium secalis^ indicating that 
collections of this organism from several host species in Germany dis- 
play no differences in host specialization. Heinsen (1^) sprayed 
barley, rye, wheat, and oats with a conidial suspension of R. secalis 
both in the field and greenhouse and obtained heavy infection of barley 
and rye, light infection of wheat, and no infection of oats. The source 
of his conidia was not given. Therefore one cannot be certain that 
he was not dealing with a mixture of races. He reports, however, 
one apparent case of spread of scald from rye to barley in field plots. 
Bartels (jf) conducted cross inoculations involving conidial inoculum 
taken directly from barley, rye, Hordeum murinum, and Lolium 
'Perenne^ with which he inoculated the cereal hosts barley, rye, wheat, 
and oats, and grass hosts of the genera Agropyron, Agrostis, Bromus, 
Cynosurus, Hordeum, LoUum, Holcus, and Phleum. In addition, 
conidial inoculum from an agar culture, isolated from Holcus lanatus, 
was tested. He reported successful transmission of the disease from 
each of these conidial sources to each of the hosts tested, from which 
he concluded, therefore, that there were no specialized races of R. 
secaMs. Brooks {£), in England, has stated that i?. secalis on ^'wild 
grasses"' ''undoubtedly may be a source of infection to crop plants.” 
A suggestion of nonspecialization in Oregon has been given by Barss 
in a report that scald was more severe on rye following barley in the 
rotation than when following other crops, 

n See footnote 5- 
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The writer^s observations of scald in the field lead to the concliisioii 
that very restricted host specialization exists in the species Rkyn- 
chosporinm secalis. The following field records provide evidence. 

June 192Sj Madison, Agropyron repens in a field of severely infected rye was 
uninfected; Brornus inermis in a patch of severely infected A. repem unin' 
fected, while at a distance of about a mile B. inermis w^as severely infected; Hordeum 
jiihatum vras uninfected although growing intermixed with infected B. iner?ms. 

June 21, 1928, Madison, wheat plots adjacent to severely infected barlej" plots 
were uninfected. (Wheat has been reported to be susceptible once in Gemiany 
and once in Washington.) 

Jub’ 7, 1930, Madison, abundant Agropyron repens and timothy growing in a 
severely scald-infected barley plot were uninfected. (Timothy has been reported 
to be susceptible in Germany.) 

There appears to be no explanation of the extreme diversity be- 
tween the results of Bartels {!) and Heinsen {12) in Germany and 
those of the writer. Only one culture of the scald fungus from Ger- 
many has been studied by the writer. This was secured from the 
Central-Bureau Voor Schimmelcultures with the statement by Prof. 
Jolia. Westerdijk that it is “one of the strains with which Bartels 
worked.^^ In the writer’s test this strain, designated BIO, appeared 
to be specialized, producing infection only on cultivated barley (table 
2). It differs in pathogenicity from most of the American cultures 
of the barley race only in producing symptoms on the host more 
slowly and sporulating less abundantly. However, one American 
culture, B71, behaved similarly. In culture the Bartels strain failed 
to produce the characteristic black pigment in old cultures as do those 
from North America. 

The only apparent difference in the technique used in the cross- 
inoculation tests of Bartels and those of the writer is that the former 
worked mainly with host-borne conidia while the latter mainly used 
conidia from culture. However, in one case, Bartels reported work- 
ing with inoculum from a culture isolated from Holms lanatm, and 
finding the plurivorous relation as with host conidia from other 
species. On the other hand, the writer, in one inoculation trial each 
with Hordeum jubatum and barley races, used host-borne conidia 
and found the same specialized condition as determined with inoculum 
from culture. Likewise inoculum from overwintered, naturally in- 
fected barley failed to attack r^e, although it heavily infected barley. 
Thus the source of inoculum, i. e., from culture or host plant, did not 
affect the results of either Bartels or of the writer and will not serve as 
an explanation of their diverse results. Only the further exchange of 
cultures can clear up the apparently anomalous situation of extreme 
host specialization of a species in North America and the absence of 
specialization in Europe. ' 

LIFE HISTORY 

Seasonal Cycle OF OccnRRBNCE 

Scald becomes evident in early spring on cereals and grasses in 
the North Central States as soon as the first green foliage appears. 
With favorable conditions for development, the disease becomes 
progressively more prevalent on barley and rye until ripening of the 
crop. In the fall, volunteer barley plants may be heavily infected. 
The same general cycle occurs on the grasses, the disease developing 
abundantly in spring and fall and but little during the high tem- 
peratures of July and August. 
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O VER WI NTERIN G 


The means of overwintering of Ehynehosporium secalis in the 
Northern States has not been known. It has been stated (1 ) that 
the organism passes the winter in an active state upon winter grains, 
which might account for the overwintering of the rye race and races 
on perennial grasses but not that of the barley race in the spring 
barley region. Heinsen (fS) reported the scald fungus to be capable 
of saprophytic development in the soil in the greenhouse wherein its 
suability was maintained for a 15-month period, after which seedlings 
grown in the infested soil developed the disease. Bartels (1) also 
found the organism to grow in soil and persist there for a period of 6 
months. The writer has been unable to detect growth of the organ- 
ism on greenhouse compost soil when inoculated with a suspension of 
conidia and mycelium of the barley race or to secure infection of 
barley grown in such soil. 

The possibility of overwintering and spread of scald in or on the 
seed was investigated in 1931 by an extensive sowing of barley seed 
from a severely infected field, upon soil where no scald was known to 
have occurred. The seed was of Wisconsin Pedigree 6 barley, produced 
at Madison in 1930 on severely scald-infected plants. The planting 
was made at La Fayette, Ind., in April 1931. No scald appeared in 
this planting. 

Definite evidence of overwintering of Ehynehosporium secalis upon 
dead volunteer barley plants in the field has been secured by the 
writer at Madison. During the winters of 1926-27 and 1927-28, 
examination of dead infected leaves at regular intervals failed to 
demonstrate the survival of conidia until spring. During April and 
May 1927, however, the exposure of young barley seedlings as they 
emerged from the soil to such infected barley plant refuse resulted in 
heavy infection (table 4). The seedlings were kept in a high-humidity 
chamber and frequently sprayed with water during this exposure to 
the plant refuse. Thus, abundant viable inoculum was present on the 
overwintered plant refuse even though no conidia could be found 
previous to the inoculation trial. 

In April 1929, dead, scald-infected barley plants that had been kept 
in the open field during the winter were found to bear abundant 
conidia after being exposed to room temperature and high atmospheric 
humidity for a few days. It appears probable that overwintering is 
accomplished by the fertile stroma of the scald fungus which resumes 
the production of conidia when warm temperatures return in the spring. 

The observations and culture studies of other workers and the 
writer have failed to demonstrate the existence of a perfect stage which 
might serve as a spring source of inoculum. 

SUMMARY AND CONCLUSIONS 

Scald caused by Ehynehosporium spp. attacks primarily the leaf 
blades and to a lesser extent the leaf sheaths of barley, rye, and a 
number of grasses in the United States. The symptoms of the disease 
are the appearance of darkened water-soaked leaf spots, usually of 
lenticular shape followed by a drying and bleaching of the lesions 
w^hich develop typical dark-brown margins. The simultaneous occur- 
rence of many water-soaked areas covered by a gray subcuticular 
mycelium produces the appearance of scalding. 
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Scald is widespread in Europe and Nortli ximerica and has been 
reported from Tunis, Argentina, Peru, and Australia. The disease is 
often of little economic importance but is severe in the Pacific Coast 
States w^here estimated losses have amounted to from 20 to 30 percent. 

An emended description of the genus Rhynckosporium has been 
presented, based upon the distinctive fertile stroma and manner of 
spomlation of the type species, R. secalis (Oud.) Davis. The valid 
binomial of the scald fungus occurring on barley, rye, and a number of 
grasses is E, secalis (Oud.) Davis. 

Scald of Dactylis glomerata L. is caused by a fungus species that 
is definitely a member of the genus Rhynckosporium but has cylindrical 
conidia, which differentiate it from R. secalis, which has apically beaked 
conidia. The new species on Z>. glomerata has been described here as 
R. orthosporum sp. nov. 

At present Rhynckosporium secalis and R. orthosporum are the only 
legitimate species in the genus Rhynckosporium as here defined. R. 
alismatis (Oud.) Davis, occurring on Sagittaria and Alisma, is excluded 
from the genus Rhynchosporium since its conidia are borne on flask- 
shaped conidiophores and it lacks the characteristic fertile stroma of 
this genus. 

A high degree of host specialization has been found within the species, 
Rhynchosporium secalis. Six speciahzed races were found which can 
be distinguished by their capacity or incapacity to parasitize the 
host plants, namely, Secale cereale (rye), Hordeum imlgare (barley), 
Agropyron repens, Bromus inermis, Elymus canadensis, Sindi H. juhatum 
in greenhouse and field inoculations. The existence of specialized 
races also is evidenced in the natural occurrence of this fungus in the 
field. Each race has displayed some constant and distinctive charac- 
ters in artificial culture. 

The conidia of the different races of Rhynchosporium secalis 
produced upon the hosts showed no important morphologic differences, 
ivhile in culture distinct and constant differences between certain 
races were evident both in form of conidia and cultural characters. 

Conidial germination proceeds readily in distilled water, occurring 
within the temperature range 4° to 28° C. The optimum temperature 
for germ-tube elongation lies between 18° and 21°. In distilled water, 
at and above a temperature of 30°, the conidia rupture and extrude 
the cytoplasm into the surrounding medium. 

Fructification of the fungus is inhibited at the low relative humidities 
afforded by the greenhouse in winter, but occurs abundantly at high 
humidities. 

Parasitism of barley by Rhynchosporium secalis is initiated by direct 
penetration of the leaf cuticle from appressoria, the mycelium establish- 
ing itself and making its initial development in the subcuticular position. 

The enlargement of the infected area is accomplished by spread of 
the subcuticular mycelium. The epidermal cells collapse under the 
subcuticular mycelium being the first tissue to show the effects of 
the disease. Followfing epidermal coUapse, the mycelium repeatedly 
penetrates from the subcuticular position into an intercellular position 
within the mesophyll, causing almost immediate collapse of that tissue. 
Relatively sparse development of mycelium occurs in the mesophyll 
tissue.' ' 

The subcuticular mycelium proliferates and enlarges, pushing the 
cuticle away from the epidermal wall, to form a fertile stroma, from 
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one to several cells in tliickness, on the lesion surface. Fructification 
follows on the fertile stroma, covering the collapsed area of the lesion. 
Conidia are borne directly on the sides of the cells of fertile stroma 
on the surface of the lesion. 

The barley race has been shown to overwinter in Wisconsin on 
dead tissues of plants infected during the previous season. 
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THE BIOLOGY OF PLATYGASTER HERRICKII, A PARASITE 
OF THE HESSIAN FLY ^ 


By C. C. HiLii, associate entomologist^ and W. T. Emery, assistant entomologist, 

'Division of Cereal and Forage Insect Investigations, Bureau of Entomology and 

Plant Quarantine, United States Department of Agriculture ^ 

INTRODUCTION 

Platygaster herrickii Packard ^ is an important parasite of tke hes- 
sian ATj Phytophaga destructor , in certain sections of the United 
States. Little has been published on it except from the taxonomic 
point of view. In 1933 Gahan (I ) ^ gave a Ihstory of the literature 
together with a full redescription of the adult. Valuable unpublished 
observations on its behavior and development were made as early as 
1916, by the late W. R. McConnell, and descriptions of egg, first- 
instar larva, and methods of ovipqsition were deposited by him in 
official files of that year. ^ The senior author began observations of 
its morphology and activity in the eastern coastal States in 1920, 
and since then has accumulated information as he has had the oppor- 
tunity. More recently the junior author began work on the occurrence 
and habits of this parasite in the West Central States. 

DISTRIBUTION AND ECONOMIC IMPORTANCE 

Platygaster herrickii has been collected from most of the winter- 
wheat-groyring sections of the United States (fig. 1). It is an mpor- 
tant parasite of the first spring brood of the hessian fly in the 
southeastern portion of the wheat-growing sections and west of the 
Mississippi River in parts of Missouri, Iowa, Kansas, Nebraska, and 
Oregon. Parasitization by this species has been found to be as liigh 
as 25 percent of the host puparia in North Carolina, 20 percent in 
the extreme southern part of Virginia, and 3 percent in central Vir- 
ginia.^ North of latitude 38° in the eastern coastal States little 
parasitization has been observed. Surveys made in 1931 and 1932 
showed 36 percent parasitization by this species in southwestern 
Iowa, 14 percent in Missouri, 6 percent in Nebraska, and 1 per- 
cent in northeastern Oklahoma. In Oregon, Rockwood {10) has 
reported P. herrickii as parasitizing large numbers of hessian flies, 
but he says that it appears to be more susceptible to desiccation than 
either its host or the serphoid parasite P. hiemalis Forbes. Reeher 
found, in the vicinity of Forest Grove, Oreg., in 1930 an average of 
14 percent parasitization by this species, with a maximum of 33 per- 
cent in one field, and in 1931 an average of more than 16 percent. 

In the regions of its greatest abundance Platygaster herrickii 
usually occupies more species of hosts than do any of the other hessian 

1 Received for pnblication Nov. 9, 1936; issued August 1937, 

2 Tbe authors acknowledge their indebtedness to R. N. Annand, under whose general supervision the work 
was done; to M. M. Reeher for contributions on the biol<^ of the parasite in the State of Oregon; to C. M. 
Packard and W\ R. W^alton for criticism of the manusoript; to J. R. Horton for helpful suggestions; and to 
H. D. Smith, J. S. Pinckney, H. H. Walkden, and E, P, Jon^ for various collections of material and dis- 
tributional records, 

3 Order Hymenoptera, superfamily Serphoidea. 

^ Reference is made by number (italic) to Literature Cited, p. 213. 
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fly parasites except Eupelmus allynii (French), and, in terms defined 
by Smith (12), it is “extrinsically siipeiior”_to them. However, as 
it is practically defenseless against the typical chalcidoid parasites 
when competing with them in the sanie host, it may be considered 
as “intrinsically inferior” to all the principal chalcidqids. 

As a supplementary parasite Platygaster herrickii is important 
largely for two reasons: (1) It works abundantly in those sections of 
the South and West where another important serphoid parasite of 
the hessian fly, P. zosine Walker, fails to thrive, and thus helps to 
maintain a higher degree of parasitization than would otherwise be 
possible; and (2) by ovipositing in the egg instead of the later stages 
of the host, as do the chalcidoids, it is able to parasitize hosts that 
later in the season become inaccessible to chalcidoid attack. 



Fmuee L—Geographical distribution of Platygaster herrickiL Dots show localities where specimens have 

been collected. 


TECHNIQUE 

Specimens were studied in to to while alive in normal salt solution 
or Ringer’s_ solution and also after having been killed and fixed in 
Bourn’s flmd. Parasitized host larvae for sectioning were fixed in 
Bouin’s fluid. Most of the parasitized host eggs, however, were fixed 
in Hermann’s fluid or Flemming’s solution, which stained them black 
and rendered them easier to handle in embedding and sectioning. 
Ihrther to facilitate handlmg, several eggs at a time were tied up in 
tiny, fine muslin bags before being passed through the reagents prior 
to embedding. The paraffin method was used with a Minot rotaiy 
microtome. Iron haematoxyiin was used for staining the micro tonoic 
sections illustrated in figure 5, H to H, and chloral haematoxyiin 
counterstained with orange G for those illustrated in figure 6, A to H. 
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THE ADULT ® 

GENERAL APPEARANCE AND SEX DIFFERENCES 

The adult (fig. 2, A) is approximately 1.5 to 2.2 mm long, and 
shiny black with grayish pubescence. The ovipositor is curved, 
slencler, slightly attenuated, and each sheath valve (third valvula) 
(fig. 5, K) bears seven setae near its extremity and three hyaline 
tubercles distributed along its distal half. The dark sclerotic portion 
of the sheath ranges in length from 0.33 to 0.44 mm. 

The sexes may be differentiated by the antennae (fig. 2, B), the 
second joint of the flagellum being broader in the male than in the 



PiGURE 2, — Platygaster herrickii: A, Adult female, X 32; B, male (cT) and female ( 9 ) antennae, X So. 


female, and by the shape of the abdomen, which is distinctly pointed 
in the female, whereas in the male it is more spatulate and the tip 
cnrYes more definitely downward. The wings protrude farther beyond 
the tip of the abdomen in the male than in the female. 

COMPARISON WITH OTHER SEEraOID PARASITES OF THE HESSIAN FLY 

Platygaster herrickii can be distinguished from the other serphoid 
parasites of the hessian fly, P. zomie and P, hiemalis, by its distinctly 
larger size and the presence of conspicuous parapsidal grooves. It is 


For a technical description of the adult refer to Gahan’s (f ) redescription published in 1933. 
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about the same, size as and in many respects resembles both Tnchacis 
remnlus O^hilker) and Platygaster pleuroii (Walker). It may readily 
be distiiiguislied from T. T^emulus by the^ absence of the tuft of short 
gray hairs near the apex of the scutellum wliich characterizes the 
latter parasite^ and it differs distinctly from P. pletiron by the absence 
of the many longitudinal striations along the basal half of the dorsal 
and Teiitral surfaces of the abdomen (fig. 3). The face of P. herrickii 
is so faintly punctate as to appear smooth and shiny except for coarse 
rugulations near the base of the antennae, while the face of P. pleuroii 
is closely and distinctly punctate and has no conspicuous rugulations. 

The ovipositor also*^ distinguishes Platygaster herrickii from these 
other serphoids, although there is a marked resemblance in all except 
P. zosine. As in the case of P. herrickii^ each ovipositor sheath valve 

of both P. Memalis and Trichacis remulus 
bears only three of the hyaline tubercles, 
but the entire ovipositor of P. hiemalis 
is only about one-third as large as that of 
P. herrickii, and in T. remulus the tuber- 
cles are placed much closer together. In 
P. pleuron the ovipositor sheath valve 
bears five or six hyaline tubercles instead 
of three, a distinct point of differentia- 
tion. In P. zosine the ovipositor is a 
third smaller, with sheath valves straight 
instead of curved, and blunt at the 
extremity instead of attenuated. 



Figure 3.— Dorsal surface of the abdomen 
of (i4) PlatyQaster henickii and (B) P. 
pleuron, X 37. 


OVIPOSITION 


The female o%fiposits in the hessian fly egg. The host eggs are 
slender, reddish, rod-shaped, about 0.4 mm long, and are usually 
found sparsely scattered over the upper surface of the wheat leaves. 

In searching for the eggs, the parasite walks hurriedly over the 
wheat leaves and constantly vibrates her antennae, letting their tips 
brush the surface of the leaf. Upon striking a hessian fly egg she 
strokes it rapidly with the tips of both antennae for about half a second. 
Then, with body parallel to the length of the egg, she draws herself 
over and a short distance beyond it and feels about for it with the tip 
of her extended ovipositor. Sometimes she misses the egg entirely 
and walks away, but more often she finds it and inserts the ovipositor 
into its upper surface. While depositing an egg she stands with head 
and antennae down, wings folded over the back, and motionless except 
for a slight rhythmic movement of the abdomen. She appears to 
oviposit quite as readily when facing downward as when facing up- 
ward on the leaf. 

Two females were timed for the number of seconds the ovipositor 
was held in a host egg. In 30 oviposi tions the time was found to range 
from 5 to 20 seconds, with an average of 14. 

Host eggs freshly oviposited into by Platygaster herrickii showed 
only a single egg per insertion, and observations made by the late 
W, R. McConnell agree with this. 

HABITS AND OTHER CHARACTEEISTICS 

l¥hen emerging from the host, the parasite makes a circular or 
irregular hole from 0.5 to 0.7 mm in diameter near one end of the 
puparium (fig. 4). 
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An examination of 200 Platygaster herrickii adults, taken at random 
from eight localities in Missouri, three in Nebraska, and one in Kan- 
sas, showed 102 females and 98 males, which indicates the sex ratio to 
be nearly equal. 

Platygaster herrickii is capable of parthenqgenetic reproduction, and, 
as is we'll known, this results in male offspring only. 

The adult Platygaster herrickii, 
when molested, appears to feign 
death, drawing its legs and antennae 
up close to the body, although in 
actual death the antennae and legs 
are stretched awny from the body. 

If disturbed while crawling over the 
w'-heat leaves, it quickly drops to 
the ground. It is positively phototropic, as demonstrated by its be 
havior under the winters' observation for many years. 



Figure 4.— Hessian fly pupariuin showing exit 
hole through which an adult Platygaster 
herrickii has escaped. X 22. 


THE EGG AND EMBRYONIC DEVELOPMENT 

DESCRIPTION OF EGG AT TIME OF OVIPOSITION 

The egg (fig. 5, .^4) of Platygaster herrickii is hyaline, highly refrac- 
tive, and iinniediately after oviposition is 0.06 mm long and *0.03 mm 
wide. It is subellipsoidal, with the caudal extremity slightly attenu- 
ated and usually turned a little to one side. The cephalic end is well 
rounded, with two or three short, flagellumlike, follicular adherencies. 

BMBRYOLOGICAL DEVELOPMENT 

The parasite egg develops simultaneously with that of its host. A 
sagittal section of a host egg with a freshly deposited parasite egg 
lying within it is showm in figure 6, (7. Figure 5, B, depicts the same 
parasite egg greatly enlarged and shows the position of sperm and 
nucleus. An egg 3 hours old, showing the appearance at first matu- 
ration, is illustrated in figure 5, O, and eggs 3 days old, wliich have 
reached the four-cell cleavage stage, in figure 5, D and E. The devel- 
opment so far described is essentially like that of Platygaster MemaMs 
Forbes and P. vernalis (Myers) (— P. zosine 'Walker) as related by 
Leiby and Hill (5, 6), except that at the time the embryonic nuclei 
(em) reach the four-cell cleavage stage the paranuclear mass (pa) 
within the trophamnion (tro) has not yet broken up into the several 
small distinct masses such as are usually found in P. zosine. 

The embryo continues to develop in monembryonic maimer, rather 
than by polyembryony as in the case of Platygaster zosim or by 
twinning as does P. hiemalis. Successive advancements of develop- 
ment in the morula and blastula forms are showm in figure 5, P, ff, 
and i?, and figure 6, A. These stages are similar to those shown by 
Silvestri (f 1) for P. dryomyiae Silv., and to those of the monembryonic 
forms oi P, hiemMis as shown by Leiby and Hill (a), P. herrickii j 
hoiYever, does not accumulate about itself an adventitious cyst of host 
tissue as do these other species of Platygaster, 

PSEUDOGERMS 

Beginning with the blastula stage, an interesting demarcation of 
development takes place in the paranuclear body of the trophamnion. 
During the period of blastula formation this body becomes broken 
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Figure ^.—PLatygmier herrickii: A, Freshly deposited egg, X 433; B, sagittal section of freshly deposited 
egg with nucleus (n) and sperm (sp), X 1,306; C, egg 3 hours old showing sperm or male nucleus (sp) 
and first maturation stage (ma), X 1,050; D and FT, eggs 3 days old showing embryo (em) at the four-cell 
stage of division, paranuclear mass (pa), and troi)hamiiion (fro), X 970; F, section of egg 2 days old in 
morula stage, with paranuclear mass (pa) banning to break up, X 1,087; 0, section of egg 4 days old 
beginning to show blastula characteristics, X 1,000; H, section of another egg 4 days old showing distinct 
blastula formation (50 and a well-defined paranuclear mass (pa), X 974; I, dorsal aspect of primary larva 
with head bent forward in normal position, showing mandibles (m) and sclerotic projection (spr) on infe- 
rior lip, X 273; J, ventral aspect of head, showing antennae (a), oral cavity (oc), mandibles (m), and 
sclerotic iwoleetion (^r) on inferior lip, X 314; JBT, sheath valve of ovipositor, X 270. 
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up (fi^. f3, A), and a.s tlie embryonic development progresses many 
distinct bodies appear (fig. Q, B). In tbe individual illustrated (fig. 
65 B) tlie embryonic membranes are forming and tlie paranuclear 
mass lias already divided into many nuclei. Some of the best defined 
ones are oval and 0,016 mm long. At tins stage the paranuclear 
bodies begin a precocious development, and since they superficially 
imitate the development of true germs the writers will call them 
“pseiidogerins”, as Alarchal (S, 600) has called similar bodies; in 

other species of Plaiygaster. 

Two sections through a parasite larva fully formed and about 
ready to hatch are shown in figure 6, D and E. It may be observed 
that" the paranuclear bodies have increased considerably in size. 
Measurements showed them to range from 0.03 to 0.06 mm in length. 
Moreover, nucleated masses of chromatin have become distinctly vis- 
ible in each body. These bodies continue to grow after the egg has 
hatched, and the granules of chromatin become large and either 
grouped in the center of the body or arranged in blastulalike forma- 
tion, Figure 6, F, shows a section thmugh a group of pseudogerms 
that are still clinging together within a partly ruptured chorion 
through which the larva has broken in the process of hatching. The 
pseudogerms in this group were larger than those shown in the earlier 
embryonic development, measuring from 0.057 to 0.086 mm in diam- 
eter. In this case the newly hatched larva was lodged nearby in the 
body cavity of the host. The pseudogerms finally break loose entirely 
and become distributed throughout the body cavity, as shown in fig- 
ure 6, H. At this stage they are spherical and protected by a chorion- 
like wall. They continue to increase in size while loose in the body 
cavity of the host. Measurements of 176 pseudogerms taken at ran- 
dom from numerous hosts under natural field conditions and exam- 
ined in physiological media showed diameters ranging from 0.04 to 
0.33 mni, with an average of 0.14 mm. Figure 6, is a section 
through the center of a typical pseudogerm that measured 0.13 mm 
in diameter after fixation. This section show's the disposition of chro- 
matin particles and the chorionlike protecting w^all. 

No true embryonic development of a pseudogerm was ever ob- 
served, and examinations, later in the season, of parasitized hessian 
fly puparia from the field showed the pseudogerms in the process of 
disintegration, and eventually consumed by the parasite larva. 

Out of eight flies parasitized in the field in wliich there was but one 
first-instar larva, the number of pseudogerms was found to range 
from 12 to 38, with an average of 25. In 54 cases in wdiich more than 
one larva was found in a single host, the average was 22 pseudogerms 
per embryo. The maximum number found in any host was 145, and 
Judging from the laiw^ae present in this host, these were the product of 
six eggs. 

Figure 6, FI, shows a sagittal section of part of a hessian fly larva 
containing in its body cavity a parasite egg (pe) with the embryo 
about ready to hatch, and pseudogerms (ps) still retained within the 
body w'alls of the parasite. Near^ is a primary larva (pZ) that has 
recently hatched and released a number of pseudogerms (ps) wliich 
have grown and become distributed throughout the body cavity. 

The development of pseudogerms of this character was first dis- 
covered by Marchal (8), who found them occurring in Platygaster 
Imeatus Kief., P. marcfiali Kief., and IHckams re?mdm In ali these 
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species the pseudogerms, like those^ of P. herrickii^ represent pre- 
cociously developed paranuclear bodies of the trophaninion and are 
released into the body cavity of the host when the priinary larva 
liberates itself from the embryonic mass. In these species they differ, 
however, from those of P. herrickii in that after liberation they not 
only grow but multiply. 

The pseudogerms described by Parker (9) for the braconid parasite 
Aiacrocenirus gifuensis Ashmead differ somewhat from those found in 
conjunction with the species of Platygaster, With M, gifuensiSj which 
is polyembryonic, the pseudogerms are released into the body cavity 
of the host during the development 
and dissociation of the morulae, 
instead of at the end of embryo- 
logical development, and they are 
usually associated with parts ^ of 
the trophamnion instead of being 
confined to the paranuclear masses. 

The occurrence of these pseudo- 
germs affords a valuable^ aid in 
identifying P. herrickii in its early 
stages, for, with the exception of 
Trichacis remulus/ this is the only 
hessian fly parasite in the United 
States know'n to produce such 
bodies. T. remulus^ however, may be identified by the primary 
larvae, which offer marked distinguishing characteristics. 

THE PRIMARY LARVA 

The young larva^ (fig. 5, I and «7, and fig. 6 , I) is colorless and 
translucent. A typical specimen measured 0.288 mm in length when 
extended and 0.130 mm across its greatest width. It is cyclopean in 
form, with the cephalic region slightly longer and considerably wider 
than the caudal region. The caudal extremity is bifurcated with two 
pointed, backward-curving hooks. Two-thirds of the way foiward 
on the abdomen there is a well-defined joint at which the caudal region 
may be bent forward under the head. The mandible is 0.036 mm long 
and curved near the extremity. The buccal opening is circular, and 
the inferior lip bears two small, closely packed groups of tiny sclerotic 
projections, one group at the edge of the buccal opening and the 
other on a short, elevated sclerotic ridge just caudad of the first group. 
These projections varj" in number and size. In one specimen examined 
there w^ere four such in the first group and nine in the second group ; 
in another, three and seven, respectively. The extremities of the 
mandibles, w^hen brought together, rest between the two groups. Two 
slender, slightly knobbed antennae, 0.013 mm long, are present a 
short distance in front of the mandibles. 

In its advanced development (fig. 7) the primary larva is almost 
spherical and several times its original size. The caudal appendage 
becomes functionless and eventually collapses. 

Frequently two or more first-instar larvae are found in a host, but 
only rarely does more than one reach maturity. In a fewr instances 
two adults have been reared from the same host and in one case four 
pupae were found in one host. 

* was introduced into the United States from France in i93S. 

0480 — 37 4 



Figure 7.~Lateral aspect of primary larva of 
Platygaster heTrickii in an advanced stage of 
growth. X 135. 
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The primary larva of Platygaster herrickri can readily be distin- 
guished from those of P. zosine and P. Meinalis because neither of these 
species is cyclopean in form. TTichac%s reinulnis, as^ described ^by 
Marclial {7f 8)^ is conspicuously different from P. herrickii in having 
footlike processes at the base of the head, and in ^ the shape of the 
antennae. The senior writer, however, noted a striking resemblance 
to P. pleuron, although there seemed to be a slightly different arrange- 
ment in the sclerotic projections on the inferior lip. 

References to the larval form of Plaiygasier herrickii were made by 
Kulagin (4) in 1898 and by Hill (3) in 1926. Kulagin, however, was 
incorrectly identifying an entirely different species, as has been 
pointed out by both Marchal (8, p. 4^0) and HiU (3). 

THE MATURE LARVA 

The mature larva (fig. 8) is white, shining, and somewhat reniform. 
A typical specimen was 2.1 mna long and 0.9 mm wide. There are 11 



FiGUEE 8.— Mature larva of PMygaster herrickii: A, Lateral aspect showing segmentation of body, spiracles 
{Bpn } , lateral branch of tracheal system (0, discoidal body (d), lateral branch of silk gland (s) , and silk-gland 
opening (o«} , X 33; B, head and part of thorax showing mouth (imo), mandibles (md), sclerotic ridge on 
maxillary area (mx), and silk-gland opening (os), X 77; C, mandible, X 450. 

well-defined body segments, excluding the head. Spiracles are 
prment on the second and third thoracic segments and the second 
abdominal segment. On each side of the first abdominal segment 
there is a large discoidal hody^ (fig. 8, A, d) under the cuticle at the 
terminus of the lateral tracheal branch. The buccal opening (fig. 8, 
P, mo) is a simple crescent-shaped orifice capable of being opened or 
closed by the soft superior hp controlled by radiating muscles. The 
mandibles (fig. 8, B and C) are 0.0466 mm long, slightly curved, and 
darkly sclerotic. They occur somewhat posterior to the mouth and 
are widely separated. In one specimen their bases were 0.2 mm 
apart. Each of the maxillary areas bears a sclerotic ridge (fig. 8, B, 
mx) immediately posterior to the mandibles. The sffk-gland opening 


, 8 This body is characteristic of many species of and has been described by Hill (£, S) as occurring 

in P, zmine (P. mrnalis) and P. hiemalis, by Marchal (8) in P. ormtus, and by Silvestri {11) in P. dryoviyiae. 
Its function is obscure, although Silvestri calls it a pdand.' 
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(fig. 8y A and B, os) lies on the median line posterior to the mandibles. 
The silk glands (fig. 8j A, s) are two single tubes, one extending along 
each side of the body as far as midway of the sixth abdominal segment. 

During this stage most of the host contents are consumed, but not 
until the host has formed its dark puparium. 

The mature larva resembles those of the other serphoid parasites 
of the hessian fly, although the mandible of a specimen of Platygaster 
pleuron was found to be slightly longer than that of P. herrickii. 
According to Marchal (7), the mandibles of Trichads remulus are 
sharply curved and borne on two large tubercles, which is not the case 
in P. herrickii. The mature larva of P. herrickii is about twice as 
long as that of P. zosine and the mandibles are longer by 0.016 mm. 
This may seem a small difference, but in both species the dimensions 
of the mandibles have been found to be constant. The larval body of 



P. herrickii is also about twice as large as that of P. hiemalis^ with 
mandibles slightly longer and distinctly more curved. 


THE COCOON 

The cocoon of Platygaster herrickii is made of straw-colored, thin, 
shiny, tough, elastic material. It is ovoid in shape and varies some- 
what in size. Ten specimens ranged from 2.17 by 0.87 mm to 3.22 
by 1.31 mm, with an average of 2.87 by 1.12 mm. The cocoon 
usually occurs singly within the host puparium, which it nearly fills, 
but two and even three cocoons have been found in one host. Figure 
9 shows (A) a cocoon removed from the host puparium but still wfithin 
the host skin and (B and O) two cocoons in one host. 

THE PUPA 

The pupa (fig. 10) is white wrhen first formed, as in other Hymen- 
optera, but it soon darkens. Beginning with the compound eyes, 
the color spreads untfi finally the entire body, except the thin integu- 
ment between the abdominal plates, becomes shiny black. 
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SUPERPARASITISM 


Superparasitisin appears to be common with this species. Females 
in the laboratory cages oTiposited into eggs that had already been 
parasitized by other females. They also oviposited repeatedly into 
the same egg, three or four ovipositions being observed frequently. 
Out of 20 parasitized hessian flies taken from a field near Salisbury, 
N. C., 12 contained more than one larva per host, distributed as 
follows: 


Larvae Occurrences 
1 8 

2 3 

3 4 


Larvae Occurrences 

4 2 

6 2 

8 1 


The occurrence of more than one larva per host apparently is not 
due to polyembryony, for no evidence of polyembryony was found in 
the embryological studies. Furthermore, in many hundreds of roar- 
ings only rarely did more than one adult develop in a host. 

SEASONAL HISTORY AND MORTALITY 

Platygaster herrickii has one generation a year. The adults emerge 
in the spring simultaneously with the hessian flies and oviposit into 



Figure lO.— Pupal stage of Platygaster herrickii before it has hardened- X 35 


their eggs. The parasite eggs hatch and reach the primary larval 
stage in the course of a few weeks, and by the end of the summer the 
larvae are full grown. The cocoon is soon formed, pupation takes 
place, and the adult stage is attained before winter. The adults 
Mbemate witliin the cocoons inside the host puparium until warm 
spring weather induces emergence. 

Material from Abington, Va., examined on June 30 contained only 
embryos, but by July 12 primary larvae were found, and on July 15 
one mature larva. Other material collected at the same locality on 
August 17 showed Platygaster herrickii predominant in the primary 
larval stage, although again one full-grown larva was discovered. 
By August 24 primary and mature larvae and white pupae were found, 
and by September 9 white pupae and one fully developed adult were 
present within their cocoons. 

In the %dcinity of Wichita, Kans., Platygaster herrickii was found 
ovipositing throughout most of April. Mature larvae appeared the 
latter part of July, and cocoons were formed in August. White pupae 



Aag. 1, 1937 


Biology of Platygaster herrickii 


211 


were found by September 1, which became black by September 14 and 
transformed to unemerged adults by November 25. Dissections made 
the last of September showed parasites in all stagey of development 
from embryos to black pupae. ^ ^ 

Reeher says that in the vicinity of Forest Grove, Oreg., adults of 
this species begin to emerge, in normal years, about the middle of 
April, although an occasional individual may appear as early as 
March 26. They may be found in the fields for about a month, 
comcident with the normal spring emergence of the hessian fly. 
Examination of P. herrickii material taken from the fields near the 



Figuee 11 —Observations on parasitization of hessian fly puparia collected at Abingdon, Va., on three 
different dates in the summer of 1932, indicating mortality of Platygaster heTTkkii. 

end of October showed cocoons to be already formed and usually the 
adult stage present within. As in the other parts of the country, 
hibernation normally takes place in the adult stage within the cocoon. 

Platygaster he 7 Tickii pai’asitizes its host at the beginning of the 
season, before most of the other parasites have begun their work, 
and consequently comes into competition with all other species that 
attack the immature stages of the hessian fly. ^ At a result of this 
multiple parasitism a liigh percentage of P. herrickii succumb during 
the season. This was shown by an examination of hessian fly puparia 
colec ted from a wheatfield near Abingdon, Va. Collections of 200 
puparia were made on June 7, 220 on August 17, and 300 on September 
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21. Tliese -piiparia were dissected and their contents observed. Fig- 
ure 11 iEiistrates the increasing mortality of P. herrickii during the 
season. It vili be observed that this was due ciiiefly to the inroads of 
chalcidoids and to some extent to imdetemiined factors. Hosts 
attacked by chalcidoids increased from 17 percent on June J to 60.5 
percent on" August 17. By September 21 other conditions interfered 
sufficiently to leave only 54 percent recognizable as attacked by 
ehakidoids. Those dead from undeteriiiined causes increased from 
J4 percent in June to 40 percent in September. The decrease of 2 
percent in August can be ignored as due to unavoidable deviations 
between samples. Consequently, not only were unparasitized hosts 
reduced from 29 percent in June to 4 percent in September, but those 
containing living F. herrickii were likewise reduced from 20 percent 
in June to 2.5 percent in August and to 1 percent in September, 
showing a total mortality of 95 percent of P. herrickii during the 
season. 

The species of Chalcidoidea involved were Eupelmm allynM, Merisus 
destructor (Say), Tetrmtichus carinatmForheSj nnd Merisus febriculosus 
Gtraulfc. The number of the last two was insignificant, but E, allynii 
formed 10 percent of the total on Jxme 7 and 39 percent on August 17. 
The proportion of Af. destructor^ which was 6 percent on the first dis- 
section, had increased to 10 percent by August 17. Aluch of the 
mortality of F. herrickii in the vicinity of Abingdon may therefore be 
attributed to these two parasites. 

Since most of ^ the chalcidoid activity took place prior to August 17, 
collections in this locality should be made early in the season to obtain 
the maximum number of Platygaster herrickii. 

In Kansas conditions were more favorable for avoidance of multiple 
parasitism, as most of the hosts parasitized by this species occurred 
on the small, nonproductive culms beneath the surface of the sod where 
they were not easily accessible to puparial parasites. 

SUMMAKY 

Plaiygaster herrickii occurs as a parasite of the hessian fly through- 
out most of the winter-wffieat-growmg sections of the United States. 
It is an important parasite in the more southern parts of the eastern 
wheat-grovdng sections, in the central wheat belt west of the Alissis- 
sippi, and in western Oregon. 

The adult is from 1.5 to 2.2 mm long and is black and shining. 

The egg is deposited in the egg of the- host, where it develops simul- 
taneously with that of the host. It is hyaline, subellipsoidal, -and 
about 0.06 mm long at the time .of deposition. Its development takes 
place _ monembryonically, and at the time of hatching numerous 
spherical pseudogerms are released into the body cavity of the host, 
where tliey become generally distributed. , 

The primary larva, at time of hatching, is about 0.29 mm long, of 
Cyclopean type, and has a bifurcate caudal extremity. Later in its 
development it becomes swollen and nearly spheric^. The mature 
larva is white, sMnmg, about 2 mm long, segmented, and reniform. 
While in this stage it consumes the host contents, but not before the 
dark pupariurn of the hessian fly has been formed. 

The cocoon is formed within the pupariurn of the host. It is ovoid 
and made of thin, elastic, straw-colored material. It is about 2.5 mm 
long and 1.1 mm wide. 
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There is one geiiemtion a year.. The adiilfc hibernates within the 
cocoon and emerges in the spring at the time the hessian flies are 
OTipositing: Embryological and larval development proceeds with 
the develop-ment of the host until the end o,f simmierjpvlieii the cocoon 
is formed, and pupation is begun.. The adult stage is reached before 
winter. 

In Abingdon, Va., heavy mortahty has been found to, take place in 
the course of the season, owing chiefly to multiple parasitism. 
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OBSERVATIONS ON THE BIOLOGY OF THE WHEAT-STEM 
MAGGOT IN KANSAS! 

Bv Mekle W. Allen, research assistant^ and Reginald H. Painteh, associate 
enloniologistj Kansas Agricultural Experiment Station ^ 

INTRODUCTION 

The wheat-stem maggot, Meromyza americam Fitch (Diptera Chlo- 
ropidae) is widely distributed through the wheat-growing area of 
North America. 'In infested fields it is not uncommon to find from 
10 to 15 percent, and in some instances almost 100 percent, of the 
plants injured by this insect. 

REVIEW OF LITERATURE 

The literature on the w>heat-stem maggot consists largely of short 
notes in annual reports and various periodicals. 

Lugger (00, Bull 43, pp. 210-213) ^ reported that the wheat-stem 
maggot had been found as early as 1821 in Pennsylvania, but the 
earliest record in the entomological literature is that of Fitch {5, p, 
299), who in 1856 described the fly from material collected in New 
York and gave it the name Meromyza americam. Walsh and Riley 
( 24 ) and Riley and Fuller (22) reported it as occurring in Missouri, 
lintiier (IS, 19) noted its occurrence in New York and included notes 
on the nature of the injury, the larval and pupal forms, and the time 
of appearaiiee of the fly. Webster (25, pp. 389-390), in OMo, reported 
finding a full-grown larva in a stem of wdieat on June 14; on June 16 a 
larva was found in the upper joint of a growing straw; on June 24 
piiparia were collected; and on July 18 he observed the copulation of 
emerged adults. He also reported-, the frequent occurrence of the 
mite 3-Ieteroptis reniricosus Newport as a parasite of the maggot. 

■ Forbes (9) reported tlie maggot in Illinois and described the immature 
stages of the insect. He also collected and described the parasite 
CodOiins raeromyzae. Forbes (10) contributed notes on the life 
history of the maggot and suggested the probability of a midsummer 
brood in self-sown grain, making a total of three broods each year. 
Fletcher (6) reported injury in both -spring and fall in Caiiacia, and,, 
the . collection of a specimen of hymenopterous parasite thought to 
be, a new species or a variety of Coelimus mtromyzae (Forbes). • 

Webster (26) found the wheat variety Velvet Giiaff to be more 
Iiiglily infested with the wheat-stem maggot than, Michigan Wmnder. 
Chirman (14) reported the occurrence of the insect in Kentucky, 
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where it was especially common in bltie-grass pastures^ even when 
closely grazed., Fletcher (7) stated that Agropyron dwergens Nees 
(awiied '^bliiesteiii) was badly injured by the maggot. Osborn and 
Gossard (il) recorded the occurrence of the maggot ^ in Iowa and 
reported it as being preyed upon by the parasite Oodinius merorayzae 
Forbes and by two other undetermhied species of parasites. _ Webster 
fp. 74AI9) spoke of it as being possibly the most widely distributed 
of all vrheat-stem, worms. 

Lugger (20^ Bull. 43^ pp> 210-213) reported the insect in Minnesota^ 
and recorded evidence which indicated the presence of three genera- 
tions. Later (20^ B-ulL 48 ^ p- 38) he reported it as damaging late- 
sowii rye, to the extent of 10 percent. Williams {30, pp. 17-20) 
noted its presence in South Dakota. Fletcher (S) stated that there 
were three broods of flies at Ottawa, Canada. 

Bruner and Swenk (f, pp, 24-26) reported the maggot as bemg 
distributed tliroiighout Nebraska, Three broods were recorded, the 
fall brood usually attacking the grain most severely. Wheat planted 
in October seemed to be less liable to attack than that sown earlier. 

■ Griddle (5, pp. 236-237) collected flies on Agropyron repens (L.) 
Beauv. and .^4, oecidenialis Scribn. Cooley (2) reported the maggot 
as injuring wheat in Montana. 

Kelly (17) reported the laying of eggs by the parasite Coelinidae 
merompzm wdtliin the eggs of Meromyza amerieam. His report states 
that the parasite eggs hatch -witlun the eggs of Meromyza and the 
young larvae feed within the fatty tissue of the w’-heat-stem maggots 
without disturbing their vital processes, emerging as adults from the 
puparia of Meromyza. 

Webster (28) found the insect in North Dakota but stated that 
“bhglited^^ heads in wheat may also be due to the foot rot disease. 
He found the m^aggot attacking slender w'heatgrass {Agropyron 
temrum Yasey), wild barley {Hordeum jubatum L.), and pigeon grass 
{ChaetocMm glauca Scribn. ). . 

One of the best publications on the wheat-stem maggot is that of 
Gilbertson {IS). He described the injury produced, recorded the life 
history of the insect, and described its immature stages. He also 
gave a list of host plants and furnished information on the control of 
the pest by a hymenopterous parasite, Microbracon meromyzae 
(Gahan). Gilbertson found an undetermined species of mite attack- 
ing the adult flies and an unidentified fungus on dead maggots. 

The distribution of meromyza ammeana in Kansas has been given 
by Sabrosky {23, p. 216), 

MATERIALS AND METHODS 

^ Detailed studies of the life history of the wheat-stem maggot under 
Kansas conditions were begun in the fall of 1932. Adult flies were 
collected and caged on young plants of Turkey wheat (Tritieum 
msiimm L., s^m, T. mdgare Viu.) in the field. These cages were 
observed daily for evidence of mating and deposition of eggs. After 
ei^s^had been deposited the planiB were dissected, and the sections 
bearing eggs were placed in small shell vials and observed daily for 
evideiice of the first hatching, Th^e sections of plants were later 
examined for young maggots, ^me of which were preserved for study 
and others for use in rearing experiments. 
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The iiiajcjr portion, of the life-history studies was carried on in 193S. 
Diirinp: the last week of March, maggots secured from clumps of 
Toiiinteer wheat 'were placed inside of sections of fresh wheat stems 
from wliicli the centers had been removed. Each of these sectio.iis 
with tiie included maggot was placed in a small shell vial in the bottom 
of which had been packed a thin layer of moist, sifted soil. Each 
vial was tightly .corked, numbered, and .recorded. .Moisture ^ wp 
added to the sod at frequent intervals to keep the humidity within 
the vials Mgli, a condition which appeared to be most favorable for 
the maggots. 

In addition to the maggots collected from volimteer wheat, others 
were collected from winter w^heat, spring wiieat, barley, rye, and 
grasses and given si.milar treatment. .Maggots were also reared .from 
eggs .secured^ from the oviposition tests. In all, some 500 maggots 
w'ere carried through partial or complete life cycles. Of this iiumher, 
156 W’ere reared from eggs, and the Remainder w^era collected from 
various sources and in various larval instars, or as puparia* 

Jvlaggots of various stages, eggs, and puparia were preserved for 
study and measurement. The exuviae from maggots and the cephalo- 
phaiyngeal skeletons of dead maggots were mounted in Canada 
balsam on microscopic slides and studied to determine the differences 
in various instars and to provide the specimens for the drawrings of 
the cephalopharyngeal skeletons. 

Earty in April sweepings were begun to determine the date of first 
appearance of the flies. The flies collected in these swreepings were 
used in the oviposition tests. 

In infested fields ^^blasted^^^ heads appear shortly before harvest 
(fig. 1,1}). During the first 2 weeks of June, aU of the blasted heads 
were collected from the wheat variety plots and the date-of-planting- 
variety plots at the agronomy farai. In making the collections the 
culms were cut near the crown of the plant so that the entire cuhn 
wm preserved. The culms from each plot were tied in separate 
bundles, labeled, and placed in large cardboard boxes, from w’hich the 
flies were collected as they, emerged .from the culms. These boxes 
w^e.r6 closed to' the light except -for two round holes near the top of one 
end of each., into which common lamp -chimneys were inserted. The 
outer ends of the chimneys were closed to prevent the escape of the 
flies as they emerged. A little water was sprayed over the w'heat at 
frequent intervals to insure sufficient moisture for the emerging flies. 
The boxes w’ere examined daily, and the flies and otherinsects removed. 
The sex of each Meromym fly w’as determined, and any Hymenoptera 
that might be parasites of M, americana were preserved "for identifi- 
cation. 

After most of the flies had emerged, each of the culms was split 
lengthwise to determine how many of those having blasted heads had 
been infested by stem ma^ots. Of 6,527 culms examined in 1033, 
99.0 percent of the blasted heads were due to Meromyza injury. 

The adult flies from the sweepm^ and those reared from the culms 
having blasted heads ^wmre usot in oviposition tests. Some of the 
flies W'ere caged in pairs, and were caged several together on 

small wheal plants m pots. Common lamp chimneys with cloth tops 
were used for cages in these experimento in the field insectary. Other 

** “Blaste<3“* MMs we iieaiJs ^hkh appear white aand lipea prematurely with stiff r spreadxDg aww, prer- 
seating a stx'ffcing cwntrast to tiaa green of the and oC Use normal heads. 
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lies were caged on young wheat growdng out of doors. A cage 3 feet 
sc|iiare and I foot liigli was used in these outdoor experiments. The 
primary purpose of. the outdoor ■ experimeiits w'as to secure .large 
iiiimbers of eggs. In all these experiments records were kept of the 
iiiimber of eggs deposited and the position of the eggs on. the plants. 
These records were compared wdth those taken on egg-deposition 
habits in the field. 

From time to time records have been made of the iiifestatioii of 
di.ffere.i.it wheat varieties by the wheat-stem maggot. These eouiits 
we.re made on winter wheats, in the following seasons: Sp.ri.iig of . 1921, 
fall of 1924, 1927, 1931, 1932, and 1933. In each of these variety 
tests the sa.me iiumber of plants w^as examined for each variety in 
the test. This rminber, how^ever, varied in the different tests, and 
this variation should be considered in the inte.rpreta.tio.n of the data. 

LIFE HISTORY 

ADULT 

Meromyza anierkana may be distinguished from others of its family 
(CUoropidael by the fact that the costa extends only to the third 
vein, and by the greatly enlarged hind femora and the correspondingly 
curved tibiae (fig. 1, A). The flies are slender and pale green to 
yellow. They are almost devoid of bristles or hairs, wfith three broad, 
grayish-black stripes on the mesonotum, three brown to black stripes 
(wdiich often coalesce) on the dorsum of the abdomen, the antennae 
slightly infuscated above, and the front almost entirely destitute of 
hairs except for a few on the orbits and on the lateral margins of the 
triangle. The second and third veins of the wing are conspicuously 
curved forw^ard, the latter ending some distance before the apex of 
the wing. A full technical description is given by Forbes (5). 

Flies that have recently emerged are pale green in color, but as they 
grow older the color turns to pale yellow or straw. The eyes vary 
from a bright green to a deep bronze w’^Mch variation is probably due 
to the age of the fly. 

Tlie difference in the appearance of the flies of the two sexes is 
largely in the size, the male being much smaller. The abdomen of 
the female fly is rounded and swollen, while that of the male is more 
or less cyhiidrical, tapering gradually to a dull point. 

Soon after the flies emerge from the puparia they begin to mate. 
Mating may take place at any time during the first fewr days after 
emergence, and a single female has been observed mating more than 
once either writh the same or with a different male. 

The ratio betw'-een the sexes of Meromyza americana was determined 
by examination of 2,149 flies reared from June 10 to June 18. Of 
these 1,180, or slightly more than half, were females, the ratio being 
55 percent females to 45 percent male. 

From records kept on 10 females the preoviposition period was 
found to vary from 2 to 6 days, and the average w^as 3.6. 

■ " ' HOG. 

The eggs are snow 'white, and are fusiform-cylindrical in shape with 
gently rounded ends. On the anterior extremity is a minute, flat- 
tened, rounded area. The surface is covered with longitudinal ridges, 
the spaces betw^een the ridges being concave and marked off into 
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rectangular areas by siiiaiier transverse ridges {fig. Ij B, and fig. 2, ^1). 
From measurements made of 50 eggs the, length was found to. range 
from 0.96 to 1.09 mill j and the greatest breadth from. 0.165 to 0.231 
Him. The average length was 1 .02 mm and the average breadth 

0.194 mm (table 1). 


T,a,ble 1 .— of the various immature stages of the wheat-stem maggot 


Item 

Ege j 5(I indi- 
vi(,ia.als) 

(25 individuals) 
first instar 

(25 individuals) 
f^cond instar 

(50 .individuals) 
third instar 

(44 Individuals.) 
pupariuEQ 

Le.Dgt!i 

.Breatitli 

.Length 

Breadth 

Length 

Breadth 

Length 

Breadth 

Length 

Breadth 

Maxmium.i 
.Miniinuiii.. i 

mm 

L 09 

mm 

Q. 23.1 
. 165 

mm 

1.86 

1.61 

mm 

0.57 

.31 

mm 

3.31 

3.Ck5 

mm 

0.66 

.34 

. mm 

6.47 
■6. 21 

mm 

1.21 

.96 

mm 

5.86 

6. .54 

mm 

1.10 

.82 

Average,, 

1.02 

. m 

1,75 

! . 45 i 

3.20 1 

1 .50 

6,40 

1.10 

5. 70 ^ 

.01 


On the young plant' the eggs of the wheat-stem maggot are usually 
deposited singly either on the leaves or on the leaf sheaths, but in a 
few instances eggs were found between the leaf sheath and the stem. 
In the fail a great many eggs are found glued to the stem just above 
the ground. In the oviposition experiments carried on in the insec tary 
the majority of the eggs were glued to the upper surface of the leaves 
a short distance from the stem. In most cases the eggs were parallel 
to the long axis of the leaves and stem, (Fig. 1, B). 

Since the eggs are laid singly and the oviposition period extends 
over several days it is difficult to estimate the number of eggs laid 
by a single indiyidual. In cage experiments an average of 10 to 15 
eggs were deposited by each female. The largest number deposited 
by a single female w^as 30. The eggs were deposited at an average 
rate of one to four daily. One female, under cage conditions, de- 
posited 13 eggs in a single day. The length of the oviposition period 
ranged from 4 to 10 days and the average was 6.91 days. 


Table 2. — Length of stages of the wheat-stem maggot 


Item 

Ovlposl- 
lion 
period 
of adult 
(32 Indi- 
Ykiuals) 

Incuba- 
tion 
period 
(31 indi- 
viduals) 

Firs't 
instar 
(42 indi- 
viduals) 

Sefcond 
instar 
C:^ indi- 
viduals) 

Third 
instar 
(16 indi- 
viduals) 

.Entire 

larvae 

stage 

Period 
in popa- 
rium 
(46 indi- 
viduals) 

Egg to 
adult 

Adult 
(13 in- 
divid- 
uals) 

Maiimuiii 

Miniiiium..,, 

: IMfs i 
; ICi 

1 4 ' 

, Psm 

11 

4 

1 , , , 

1 IMm 1 

n 

1 2 ^ 

■ I 

2 

.S2B 

i 

Bam . 

J 62 
;i3 

Bam 

20 

5 

Bam 

82 

18, 

Bam 

19 
■ 2 

Averag-e.,... 

' 6.91 i 

n.m 

j 6.10) 

'11.75 1 

14.56 

32. ID 

11- '72' 

43.82 

9.38 


i lltm nut indudft overwintering larvae. 


The mcuhation period varied from 4 to 11 days, with an average 
length of 6.8 davs (table 2). 

LAEVA 

The full-grown larva is an active, slender, glassy, pale-green maggot, 
tapering anteriorly and to some extent posteriorly (fig. 1, C). The 
hooks, which are typical of muscoid larvae, are found beneatb the 
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iiead siiid serve to differentiate it from most oilier larvae that infest 
wheat except those of the same group. A more complete description 
lias been given bv Forbes (9), 

It was foimcl m these experiments that the larvae pass tliroiigli 
tiii^ee instars. IlTieii first hatched they are very siiiallj slenderj and 
white, with neither a head capsule nor feet. Twenty-five newly, 
hatched larvae were measured, and the average length was found to 
be L75 nun and the average width 0.45 mm (table 1). 

The larvae of the second instar are somewhat larger than those of 
the .first instar, and are of a very light w^hitish-greeii color. Of 25 
such larvae iiieasured the average length was 3.20 mm and t,he .aver- 
age width was 0.50 mni (table 1). ^ 

""Fifty larvae of the third or last instar were measured and the aver- 
age length, was found to be 6.40 mm and the average width 1.10 .mrn 
(table 1). Forbes' description w^as evidently made from specime.ns 
of this instar. 

From the siickerlike mouth, located on the under surface of the 
first segmeiitSj, usually protrudes a pair of black-toothed hooks, the 
mandibles (fig. 2, (J), These are supported by and connected to the 
cephalopharyngeal skeleton, which ^is a V-shaped structure extending 
back into the body as far as the third segment. The cephalopharyn- 
geal skeleton is a browniish or blackish scleritized structure and is 
usually visible through the integument of the larva. It differs in 
shape" in the different instars. In the tliird instar it is completely 
developed and the parts are^ easily distinguished. The skeleton of 
this instar is represented in Figure 2, F, which shows, the mandibular, 
hypostoniai, and pharyngeal sclerites and the small arched dentate, 
selerite completely developed, wdth the small accessory sclerites at- 
tached to the hypostomal selerite. The dentes^ on the m,andibular 
selerite are fully developed and completely scleritized. 

The cephalopharyngeal skeleton of the second-instar larva is,' repre- 
sented in figure 2jK This skeleton is similar to that of the third, 
instar, except that it is smaller and the dentes are not fully developed 
or scleritized. 

The cephalopharyngeal skeleton of the first-instar larva is repre- 
sented in figure 2, l). This skeleton differs greatly from that of either 
of the other instars. Not only is it materially smaller, but it is. also 
less completely developed. The dentate selerite and the two s,nmE 
accessory sclerites are completely absent and the dentes of the in,and,ib- 
ular selerite ^ are poorly developed. The mandibular selerite is not 
heavily scleritized as it is in the skeletons of the other two instars. 

The first of the three larval instam was found to require a period 
of from 2 to 11 days, the average being 6.2 days; the second instar, 
required from 2 to 28 days, the average being 11.4 days; the third 
required from 9 to 23 days, the average being 14.6 days. The entire 
larval stage therefore required from 13 to 62 days, or an average of 
32.1 days (table2). These results do not include overwmteriiig larvae. 

^These calculated results from partial life histories, when compared 
with the results obtained from eight cases in wMch the larvae were 
actually reared from egg to adult, wwe found to be both Mgher and 
low^er, but the average time was similar. The length of the three 
imtars in the eight actual tests varied from 16 to 4.0 days, the average 
time being 27.4 da^-^s. 
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PUPA 

The pupa forms inside of the last larval skin or pupariiiiiij where it 
mat" be’ seen tbroiigli the semitransparent larval skin. The constric- 
tions b'et'weeii the segments are. more marked tlian in the hn-va a,iici 
the pupariiim is more yellowish in color (fig. 2, B). Forbes (9) has 
given a full description of this stage. 

Fo.rty-foiir piiparia we.re .measured, and the avemge length was fciuiicl 
to, be 0.7 mill and the average width 0.9 mm (table 1). Figure 2, B; 
sliows a. typical piipariimi. 

The period from the formation of puparia to tlie emergence of 
adults va.ried from o to 20 days; the average being 11.7 days (table 2). 
The time fro.m hatcliiiig of the egg to emergence of the adult, caicii- 
hited from the foregoing results, varied from 18 to 82 days, the aver- 
age l:.>e,.mg 43.8 days (table 2). These results were checked against the 
.records of four niaggots reared from egg to adult. The four records 
showed a variation in time from 42 to 57 days with an average of 46.3 
days. These .figures, both calcidated and recorded, are for the spring 
and summer generations and do not take into consideration the over- 
wintering brood. 

SEASONAL CYCLE 

From the rearing experiments and from field observations, in the 
vici.nity of IManhattan, the cycle for the yean 1933 was determi,2ied 
(fig. 3). The data for 1933 probably represent about the normal for 
tMs locality. 

The insects overwintered as full-growm larvae wdiich pupated during 
the latter part of Ma.rcli and the first half of April. The adults began 
to emerge on April 15 and continued to emerge throughout April 
and the first half of May. These adults mated witliiii a few days 
after emergence and deposited their eggs during the latter part of April 
and throiigli the greater part of May. The eggs began to hatch about 
the last of April, and the larvae 'were found in the stems of wheat, rye, 
and barley throughout May. They pupated about the last of May 
and in early June. The adult flies emerged from these puparia from 
June 5 to June 28. The flies of this generation deposited their eggs 
during the latter part of Jime, and the larvae emerged from the eggs 
from June 25 to the last of July. These larvae fed within the stems 
of wild and cultivated grasses. They pupated from the middle of 
.July until August 8, a.nd -the .adults emerged until about the middle 
of August. 

Eggs were deposited by tliis third brood of flies during the latter part 
of July and ^the first half of August. The maggots from these eggs 
emerged during the last few* days of Juty and throughout the greater 
part of August. They lived in the stems of grasses and volunteer 
wiieat. Many became full-grown larvae, passed the ’W"inter in that 
stage, and pupated the follow-ing spring, of the larvae from these 

eggs, however, pupated during August and emerged as adults during 
tlie latter part of that month. Adults were present in the field until 
December 16, These adullB, which had emerged during August, Sep- 
tember, and the first part of October, deporited eg^s that hatched 
before October 15, the larvae overwintering and pupating the following 
spring. ^ Thus there is evidence of three full generations and a partial 
fourth in Kansas. 
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NATURAL CHECKS 

Diiriiiir tliese experiiiients 18 species, of Hyiiienoptera were reareti, 4 
of wliieli were from piiparia of Meromyza amerieana; 3 others were 
from fiiiiiis of blasted heads, and 11 others were from voiiiiiteer w'lieat 
known tc^ be heavily infested by the wheat-stem maggot. Table 3 
siiciws nine species wdiich are recorded in literature as parasitic upon 
Mf 'iifihyza. Only one of these, Euphoriana uniformis Galian, was not 
reared during these studies. The names of the parasites are listed 
under their family designations in table 3, with the sources from which 
reared, die iiiimber reared, and literature citations to previous records 
of their parasitism on Meromyza. 

Oiillnkleajerrninnm was described by Gahan jdi) from three 'speci- 
iiiens, two females and one male reared by C. N. Ainslie at Elkpoint, 
S. Dak., the type locality. The host, "was Meromyza a/mericam. All 
the parasites of this species wliich were reared during the present 
experiments we,re from puparia of overwintering larvae, or, in May 
and June, from the^ puparia from which the first brood of flies normally 
emerge. 

Table » 3 . — Hyminojderous parmites of the wheat-dmi wiaggoi 



Pa.rasites reared from.-- 


Parasite 

Puparia 
of wiieat- 
stem 
maggot 

Culms bav- 
ing blasted 
heads in- 
fested by 
maggot 

Volunteer 
wheat in- 
fested by 
maggot 

Recorded in 
literature as 
parasite o f 
Mer&mpm 

IcImeiiinoBoldea: 

AlfsiMa.e: 

firrugineu Galian 

Number 

10 

Number 

NuMber 

IS 

Gahan(II). 

Forbes 

Qaban (II). 

C&f f 'fMTOfftf zut ( For!>^ ) 

4 


I 

EuphoTluMB uniferMu Gahae ^ 




meUit^r (Say) ' 


1 


Mier&Brwifu C Gabs a) 

3 

10 


Bo. 

Mkf9^Uw melmnuf Vier 


3 


Miimrm i Cress.) - 

leimuTiioaMae: 

CoilmTm smbnfmmk Vier : 

ProetetnipoidM,; 

Platywteridae: 

LeMecii sp. > 



1 

- I 

1 


CbaleidoMea: ; 

Ealopbidae: i 

HiffMTmnm fexanm iGirauIt) i 



S 

Oaban (IS). ■ 
Gahan pf, 1 
»). 

Gaban (13). 

X'rt«»i’f 0 worp'te ‘merBmfzue (Gaham) 



9 , 

Eupclmidae; ^ . i 

EnpeifRu^ elifmii i 

j 


2 

Eiirytomidae: 

Kuf^Umi if l&der mails Asbiit 


1 1 

Msiaariiiae: 

Pi^lgwws 0 irhtk&rne Glrsult 


\ 

2 


Ptfcromaldae: 

fuiiai Gtb&ii 



1. 15 1 

Bo. 

CWMiilii Mmior Spinola 



1 1 

Do. 

KrtirferfiMla^ fuitipes (Forbes) 



1 ' . 7 1 

Ihiiimpttra (Walk.) 


1 i 

i 1 


Cya]pfrfd«: 

FjgitMae. j 

If^podirmekis $p, ' 

t 

1 i 

i ■ ■ .1 

1 “ 




I ' ' : 



‘ Xc*t rewta durifig ilese ^xperlmeots. 
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CoeUnidea rmromyzae was deseribed {B) from specimens reared from 
M-tromyza aniericana and fi'om specimens collected in the vicinity of 
Cuba, III, Kelly (17) gives detailed biological observations on this 
species. In the present work four specimens were reared in July from 
piiparia produced by maggots of the second generation. The fifth spec- 
imen was reared from volunteer wheat in the greenhouse, Januaiy 10, 
probably from a pupariiim of an overv\intering maggot. 

Mkrobmeon memmyzm (Gahan) was described by Gahan (f i) from 
six specimens, three females and three males, reared by' C. N. Ainslie 
at Elkpoint, S. Dak. A male specimen- was also reared by J. A. 
Hyslop at Hagerstown, Md. The host in both cases was Meromyza 
amerkm'M. The three specimens of this species which were reared 
diiiiiig the writers-’ experiments were from puparia fomied in late May, 
.early June, and in July. Ten others were reared from the culms of 
blasted heads. 

llypoikmidds sp. has not previously been reported as attacking the 
wheat-stem maggot, and, according to L. H. Weld, appears to be an 
uiideseril^ed species. In fact, no species of HyimdirancMs seems to 
liave been described from North xAmerica; the genotype H. hawaii- 
emms^ and most of the known species of the genus were described by 
Williani Ashmead from the Hawiian Islands. A related European 
species Cothorimpls rapae (Westd.) has been reported by James (16) 
as parasitic on the cabbage-root maggot (Hylemyia brassicae Bouche.). 
One specimen of IlypiddrancMs was reared from a single pupariiim 
collected June 9, and 14 others were reared from volunteer wheat 
during October, November, December, and January. Those reared 
from volunteer wheat probably came from puparia formed by over- 
wintering maggots which matured early under greenhouse conditions. 

Other Hynienoptera reared from volunteer wheat or from blasted 
heads infested by Meromyza listed in table 3. These records show 
the presence of these species in Kansas and suggest the possibility that 
some are parasitic on the wheat-stem maggot there, especially where 
they have previously been reported as parasitic on this insect. 

In addition to the hymenopterous parasites of Meromyza afmricana 
reared during the present experiments, one other has been recorded in 
the literature. This species, Euphoriana nniformis, was described by 
Gahan (11) from the male type reared from M. amerkana by J. K. 
Hyslop at Hagerstown, Md., and from the female type collected by 
W. H. Menke at Garden City, Kans. ^ 

Fpquently reference is made in the literature to a small mite 
Pedkulotdes rentrieosus Ne^i>ort, which is reported as killing the 
larvae by sucking their blood. Tliis mite is not known to occur in 
Kansas. 

Many times, both in the rearing experiments and in the field, brown 
or partially broym larvae were found. They seemed to die slowly, 
and when the integument was mptured the internal organs were 
found to be decayed and liquid. , This ■ condition was probably 
brought about by bacteria. 

A fungus determined by C. L. Lefebvre as Cladosporium sp,.^ was 
often found associated with the dead maggots, hlost of the species 
of tMs genus are saprophytic, although a few^ are parasitic. This one 
is probably a saprophyte, but untm the species is determined,, no 
definite statement can be made coneeming it. 
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FEEDING HABITS OF THE INSECT AND NATURE OF INJURY 

TO WHEAT 

Upon emerging from an egg the larva makes its way to the point where 
the central leaf or head-bearing shoot enmrges from, its investing 
sheath. Upon reaching this point it works its way down betwee,i.i the 
sheath and t,he central shoot, girdling the latter as it progresses down- 
ward to its fiiia.i feeding position, wdiieh is at tiie base o.f the culm i,ii 
fall and early spri,n,g, and just above the upper node in late spring 
and summer. The larva enters t.he central shoot and th,ere does most 
of its feeding. .It feeds by tearing the plant tissues with its iiiaiidibles 
and sucking the juices from the lacerated t.issiie. Before the larva 
enter tlie central shoot the feeding takes place between thiS' shoot and 
its investing sheath. 

Wlieii fost entering the plant and during the migration down to tlie 
feeding position, the larva feeds with its .head down, but when the 
feeding position in the center of the culm is reached this position is 
reversed, and the greater part of 'the feeding .is done with the anterior 
end up (fig. Ij U)- ^ 

Two types of injiiiy are produced by the wheat-stem maggot, one 
in late spring and s'limmer, the other in autumn and early spring. In 
late spring and summer the larva destroys the lower part of the stem, 
thus preventing the normal flow of sap to the head of the plant. The 
head dries prematurely and the kernels, if present at all, are small, 
shriveled, and unfit for food or planting. When this type of injury 
occurs the head and central shoot are light straw color rather than 
green like those of uninfested stems. The awns are stiff, brittle, and 
spreading, and do not extend upward from the glumes as in normal 
plants (fig. 1 , D), 

111 the fall and early spring the larva attacks the central shoot 
(fig. 1 , U), cuts the vascular bundles, and so prevents the flow of the 
sap into the upper part of the leaf. This injury may be of consider- 
able importance. In some cases the entire tiller turns yellow and 
dies. After injuring or killing one tiller the larva may migrate to a 
fresh one. In laboratory experiments the larvae have sometimes 
been found to migrate from an injured tiller to a fresh one on another 
plant. These plants have always been in close proximity, however, 
and no records are available to show the distance that larvae may 
migrate. Larvae placed on the soil near plants have, with few 
exceptions, been able to reach the plants and feed within them. 

A serious aspect of this autumnal and early spring type of injury is 
that the larvae which cause the injury to heading wheat later in the 
spring a,re produced by flies that emerge from this earlier generation 
of .larvae.. 

FOOD PLANTS 

, During the experiments wheat-stem maggots were obsen^ed feeding 
within the stems of the following species of plants: 

Coiii,mon biead wheat {Triiicum msiwnm L.)* 

. Durum wheat (rnficiim dMfuiii Desf.). ■ , ' 

Triiicum vulgareXT, immm ff mm various sources). 

Triiicummacha'YB^..- 

Triiicum per sieum str&mimum EkA.' 

Triiicum iimophem Ahnk. 
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Barley (six-row) {Hordeum vulgar e L.), 

Kye (Secale cereale L.)* 

Tiiiiotiiy (Phleum. pratense li.) . 

Yellow bristlegrass (Setaria luiescens (Weigel) F. T. Hubb.). 

Green bristlegrass {Setaria viridis (L.) Beauv.). 

Ill addition to these food plants the maggot has been reported in 
the literature as feeding. within the stems of: 

E.iiii]fter (Triticum dicmcimi Scbrank). 

Qiiac.kgrass {Agmpyron repem (L.) Beauv.). 

Slender wheatgrass (Agropyron pauciflorum (Schwein.) Hitclic.). 

3limsteiii {Agropyran smithii ^jdb,) , ^ 

Bliiebiinch wheatgrass {Agropyron spieatum (Pursh and Smith) Scribn, 

Foxtail barley {Hordeum juhaium L.), 

Canada wild-rye (Elymus canadensis L.). 

Smooth bromegrass {Bromus inermis Leyss.). 

Japanese chess {Bromm japonicus Thimb J . 

Meromyza americana has not been found feeding on oats. 

DIFFERENTIAL INFESTATION OF VARIETIES 

KELATION OF STAGE OP PLANT MATURITY TO NUMBER OF HEADS BLASTED BY 

MEROMYZA 

Some evidence of the presence in wheat varieties of resistance to 
injury from the wheat-stem maggot has been presented by Dunham 
(4) and by Gilbertson (IS). The number of blasted heads collected 
in the various 1 /40-acre plots of varieties of winter wheat at the agron- 
omy farm ^ are given in table 4. In all cases the number of infested 
culms collected from each plot is but a small proportion of the total 
number of heads present. The relative numbers, however, indicate 
considerable differences among the varieties represented. These dif- 
ferences may be due (1) to differences in the dates of heading and 
maturity of the several varieties in relation to the peak number of 
second-generation adults present and laying eggs, or (2) to varietal 
differences in palatability or attractiveness to the insect giving rise 
to actual resistance. 

Additional data bearing on this question have been secured from 
a date-of-planting experiment involving four varieties. These varie- 
ties, Early Blackliiill, Quivira, Eanred, and Oro, were planted on 
several dates at intervals of approximately 1 week. The varieties 
studied in 1933, the dates of planting, and the number of blasted 
heads coUeeted, together with other information to be discussed later, 
are given in table a. The marked differences in each variety in the 
nuiiiber of blasted heads formed on plants, from the various dates of 
planting are shown in figure 5, A. According to figure 5, A, and 
table 5 Oro planted October 5, Kanred planted October 11 , Quivira 
planted October 18 , and Early Blackhull planted October 25, produced 
the greatest number of blasted heads. ■ 

• ^ tim supervision of Dr. H. H. Laiide, to whom the au.thors are 

immmj for iMfrmkaion to eolleet the maierial and for data on dates of heading, maturity, and other, agro- 

mmle rhameterij. ^ 
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.FiGifSE 5.— 'Relatloii between the number of blasted beads and the datesef ftrst. besding Iit various varieties 
of wheat in isa3 (.4), 1934 (B), 19M iC% and 1S33 and 1«! (B). 
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Table 4, — Relative numher of blasted heads produced in wheat varieties by the 
wheat-stem maggoty sprinq 1933 ^ 



Rank 

Kan- 

sas 

CO. 

C.,L ' 
no.s ' 

I 

4S3 

SS56 ! 

2 

2690 

11.589 1 

i 

2464 

6156 i 

4. 

2671 

11373 1 

5 

2628 

8886 ' 

6 . 

2672 


7 

19 

6109 - 

8....... 

499 

&86I 

9........ 

1 570 

i 1558 ! 

HI 

1 2593 

i 8180 1 

U 

i 

; ICKHUi > 

12..,..,... 

; 2401 

1 5146 1 

■13..,.:..,.... 

1 322 

! 62.50 i 

14 

505 

; 885S 

15....... 

317 

! 647! 1, 

16 . ... 

3173 

10002 

17,...,..,.,. 

; 2H70 

' ItKM 

is... - - 

' 495 

; 8220 

19 

, 514 

mm 

T . .. 

343 

6251 

21 

2667 

1 m5 , 

22 

* 2591 

1 1442 ! 

23 

! 

{ 6f}S6 ' 


Variety 


Early Blackhuli i 

Kanred X Marquis | 

Minturki. .-I 

Kanred X Hard Federation I 

Quivira I 

Kanred X Hard Federation i 

Harvest Queen i 

Ccxjperatorka i 

Turkey i 

Kawvale i 

Kanred X Marquis | 

Kanreti--. -j 

Nebraska no. 60 I 

Clarkan i 

Fulcaster I 

Kanred X Hard Federation I 

Tenraarq Selection | 

Oro ..I 

Tenmarq 

Blaekhull 

Cheyenne 

Kharkof 

Kharkof (Hays no. 2) 


Blasted heads per f iio-acre plot 


Date 
of first 
head- 
ing. 
May 
1933 


Series 

Total 

in- 

fested 

Aver- 

age 

in- 

fested 

1 

I 2 

! 

i 

3 


\K2im- 

\Num-^ 

tSTum- 

Num- 

Num- 


ber j 

ber 

ber 

ber 

ber 

13 

27 1 

10 

9 

46 

15.3 

19 

24 ’ 

9 

15 

4S 

16.0 

23 

23 

21 

S 

52 

17.3 

16 

9 

21 

64 

94 

31.3 

17 

49 

10 

36 

95 

31. 7 

15 

40 

13 

50 

103 

34.3 

20 

43 

39 

22 i 

104 

34.7 

21 

32 

f>3 

16 i 

111 

37.0 

21 

39 

29 

47 ! 

115 

38. 3 

19 

45 

38 

35 i 

118 

39.3 

19 

44 

32 

57 i 

133 

44.3 

21 

50 

46 

; 51 ! 

I 147 

49. 0 

23 

50 i 

69 

34 1 

' 153 

51.0 

20 ' 

67 ' 

57 

i 30 j 

154 

51.3 

20 

53 1 

51 

55 

159 

53.0 

16 1 

73 

21 

65 

159 

53.0 

19 

51 

44 

69 

164 

54.7 

22 

43 S 

68 


111 

55. 5 

20 i 

67 i 

73 

34 

174 

58.0 

19 ! 

39 1 

89 

87 

215 

71. 7 

21 1 

1 32 1 

58 

135 

225 

75.0 

22 ! 

1 65 i 

139 

80 

284 

94.7 

22 ; 

88 i 

185 


273 

136. 5 


1 Heads colleeteci from variety plots of the agronomy farm; varieties planted Sept. 28, 1932. 

2 C. I. denotes aweisslon number of the Division of Cereal Crops and Disease, Bureau of Plant Indu.strv, 
D. S. Department of Agriculture. 
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An attempt was made to correlate these differences with other 
associated facts. Several factors, such as date of emergence of 
plants, date of first heading, date fully ripe, stand per acre, number 
of culms per acre, yield, length of fruiting period, plant height, test 
weight per bushel, rainfall, and temperature were considered. The 
closest correlation was found between the amount of injury and the 
date of first heading.® Those plots marked “first heading” between 
May 22 and May 26 had a lai^er number of blasted heads than those 
heading either before or after that date. Those plots marked “first 
heading” after the date of maximum infestation were one plot of 
Quivira, two plots of Kanred, and three plots of Oro (table 5). 

From the data obtained it appears probable that the stage oi 
growth of the plants at the time of oviposition by the flies is important. 
Apparently in late spring some specific stage in the maturity of the 
plants is more acceptable to the female flies or is more palatable to 
the larvae than are other stages of maturity. 

In studying another problem Wilbur and Sabrosky { 29 ) found the 
maximum number of adult Meromyza on pasture grass less than 
one-quarter of a mile away from the wheat plots during the period 
from IMay 9 to 13. This is 13 days earlier than the date of first 
heading which marked the maximum infestation in wheat. The 
period involved is somewhat longer than the average number of days 
required for incubation of eggs. Apparently the data give an indica- 
tion of the length of the interval between egg deposition and the 
time at wliich the young larvae cause the appearance of blasted heads. 
This peak of insect emergence, shown m figure 4, appears to be part 
of the explanation of the differences in infestation associated with 
different dates of planting. 

The figures given do not take into account the number of cuhns 
that might have been missed in the count in cases in which the injurj" 
took place so early that no part of the blasted head appeared beyond 
the top leaf sheath. In some of the culms collected the heads were 
well exserted; in others part of the head was enclosed in the leaf 
sheath. In each culm collected from these da te-of-pl anting variety 
plots the distance from the base of the head to the top of the leaf 
sheath was measured, and the average distance and the percentage 
of heads completely exserted were calculated (table 7). 

These data show differences from plot to plot and between varieties. 
They also indicate a difference in infestation of nonfruiting culms 
which should be investigated. 

It appears from the data in table 5 that the date of maturity of a 
variety is one factor but not the only one involved in the differences 
in infestation by Meromyza. For example, there were 379 infested 
cuhns in the seven plots of Oro as compared to 1,232 in the plots of 
Early Blackhull. But the plots of Oro included three wMch headed 
after the one with maximum infestation, as weU as the three which 
headed before May 24, while all the plots of Early Blackhull headed 
before the date wliich gave the maximum infestation in the case of 

s First heacliiif is tbe dare when about 16 , percent of the pknts have beaded. 
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the other rarieties. If the experiment had included plots of Early 
Blackhiill heading at a time comparable to those of Oro, the difference 
ill infestation in, faimr of Oro might have been much greater. ■ 


Table 7. — Amrage percentage of exseried heads from infested culms ccdkciei in 
dakdf-piMniing variety test and lenath of peduncle^ 193B 


Date o.f plaiitinf 

Oro 

Kanred 

Quivira 

Perc‘ei]it 

Length 

Percent 

length 

Percent 

Length 

Sept. 14. 

40 

Mm 

+.36 

37 

Mm 
■ -4 

'57 

Mm 

+42 

Sept. 2:^5 ■ 

Se|>t. 28., - 

.38 

50 

+3 

+0 

35 

59 

-9 
+ 18 

S 

+19 

+57 

Oct. 5 

I 52 

2 +14 

44 i 

—2 I 

67 I 

+37 

Oct. 11 

! 

-4i 

38 i 

1 2 —24 ' 

54 I 

' +13 

Oet. IS 

18 

“26 

14 i 

-37 j 

32 I 

2 —12 

Oct. 25...... 

‘ 11 

-36 

16 1 

“33 1 

30 ! 

-20 


Early Blackliull 


Ifm 
-fl4 
+42 
+54 
+4CJ 
+47 
+13 
2 +33 


1 Measured from base of bead to top -of tbe isfesting leaf sbeath; +=beads eitendi,ug above leaf sheath, 
—= heads not siirpassin,g, leaf sheath, 

2 Plot in which ,ma\imum infestation occurred. 

The data from these date-of-planting plots indicate that the 
relative position of Early Blackhull as the variety with the lowest 
infestation in table 4 is not in accord with the potentialities of this 
variety. They indicate further that it is necessary to consider the 
date of first heading in the respective varieties in mterpreting the 
relative resistance of the varieties. Thus a number of the late- 
maturing wheats appear to have the highest infestation. But Min- 
tiirki, which headed within the period indicated as the one in which 
the highest infestation took place, is probably the most resistant of 
the wheats listed and perhaps materially better than Oro. 

.Data collected on these same plots in the abnormally dry season of 
1934 (table .6) tend to confirm the results discussed above. The 
growing season of 1934 was one in which the early plant development 
was greatly accelerated. All plots of a given variety headed earlier 
in 1934 than plots of the same' variety in 1933. On the other hand, 
insect development was not so greatly accelerated. The peak of 
emergence of Mermngza^ according to the data of Wilbur and Sabrosky 
{29}, occurred about May 5 to 7, only about 4 to 6 days earlier 
than in 1933. This difference between insect and plant development 
in the 2 years appears to have resulted in a reduction in the difference 
in total number of blasted heads between the varieties with high 
and low infestations. There are no plots of an}’- of the varieties 
which headed later and in wr.hich the number of blasted heads was 
below’ the maximum per plot for the variety. The rank of the varieties 
in respect to^the plots of maximum infestation in 1934 (table 6) W’as 
the same as in 1933 (table 5), The curves (fig. 5, B) from the data 
wrere also similar to the parts of the cuiwes for the earlier plots of the 
year 1933 (fig. 5, A). The similarity betw’een the results of the 2 
yeai« indicates that the differences between the varieties are significant. 
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Table number o/ Umted heads produced in wheal varieties by the 

wheai-stem maggoty spring 1936 "‘■ 


Bank 

Kan- 

sas 

no. 

C. L 
no. 

Variety 

'■ Date of 
. ! first 
i head- 
i ing. 

: May 
, 1936 

Blasted .heads per ’io-aere plot 


Series 


Total 

infested 

Aver- 

age 

infested 

1 

2 

3 






Xum- 

Xum- 

Xum- 








her 

Mr 

ber 

Xumber Xumber 

I 




-i 15 

58 

209 


267 

133. 5 

9. 


KKHf, 

Qiiivira 

1 

KXI 

168 

162 

430 

143.3 

3 


115!* 

F 11166 X Prelude 

14 

94 

ltd 


2&8 

144. 0 

4.... 

' mm 

11589 ' 

Kanred X Marauis 

16 


148 


24b 

148. ,0 


2m 

615* 

Minturki 

22 ' 

168 




]f>8 

168. 0 


VJ 

fiFiy 

Harvest Queen 

IS ^ 

201 1 



201 

201. 0 

7 

21573 

lCHi92 

Kanred X Hard Federation 

..J 13 ^ 


" 2 :# 

, iS3 

413 

20t.». 5 

s 



Kanred X Hard Federation 

...i 9 : 

197 1 


159 

6132 

220. 6 

9 

514 

*9' Vi 

Tenmarq 

17 

254 



254 

2.54. 0 

Ifl 

25*15 

??2‘20 

Orn ... - - * 

--J 20 

280 ■ 



280 

280.0 

IL.. . 

24t)l 

514n 

Kanred-.- — 

.....i 19 

196 

"ToT; 

207 

SIO 

270. 0 

12 

51(11.5 

88 >8 

V iarkan.. . - 

20 : 

284 



284 

284. 0 

13 

2593 

Him 

Kawvale 

--i 16 

336 

■ 318 

^*330 

984 

328.0 

14-,.,...- 

317 . 

6147 

.Falcaster 

IS 

443 

252 

.... _ 

695 

347. 5 

15 

iKi 


Early Blaekhuil 

10 ( 

278 

587 

508 

! 1,373 

4.57. 6 

lf> 

' 272f> 

iffep; 

Turkey 

18 ( 


579 



1 579 

i 579.0 


> wilpeted frcjm variety plots of the agronomy farm; varieties jdanted' Oct. 1, 1935, evcept Minturki, 
planted Oet. 2, ami Oro pkntefi Oct, 4, 1935. 

Table 9. — EJfeci of date of planting and variety of wheat on late spring injury by 
the wheat-stem maggot in 1936 


Variety 

Kan 

Bla.sted bea.ds per I'l e-acre plot and date of first heading for wheat .planted— 

To- 

sas 










tal 


r». 

Sept. 13 

Sept. 20 

Sept. 30 

Oet. 4 

Oct. 11 


Early Black- 


Xn. 


Xo, 


Xo. 


! 

Xo. 1 

Al). 


No. 

tall ,..i 

, 48:1 

m 

May 12 

452 

May 9 

419 

May 9 

m i May 11 

916 

Alay 13 

2,884 

Quivira 

WM 

226 

May 16 

210 

May 14 

294 

May 14 

237 ! May 14 

365 

Alay 16 

l,:i32 

Kanred. ‘ 

\2M)l 

H25 

May 20 

327 

May 19 

286 

May 18 

! 405 i May 19 ^ 

476 

May 20 

i 1,819 

Oro 

! 495 

m 

May 21 

227 

May m 

219 

May 20 

i m I May 20 

.385 

May 21 

ILBOO 

i 


Tlie lower infestation in 1933 in plots first heading after May 26 
may indicate a stage in the^growth of cnlms in which they are more 
acceptable to the fly for oviposition or more palatable to the 3 '^oiing 
larva. Observations made in earlier years on date-of-planting plots 
containing the single variety Kanred showed an infestation similar to 
that on plots of this variety in 1933. 

Additional counts of blasted heads in variety and variety-date-of- 
planting plots vrere made in 1935 and 1936. The early spring of 1935 
was dr\% but this was followed by a period of wet w'eather when the 
wheats tvere heading. Some varieties, especially the early ones, sent 
up a second growth of heads which w-ere hea-\ily infested by Meromyza. 
During the latter part of the time in wMch blasted heads were being 
eolleeted it became impossible to distinguish such heads from the 
earlier matured normal heads. -For this reason collection was dis- 
eontiiiiied before harvest. However, the data secured give further 
indication of a relation between stage of plant maturity and infesta- 
tion. 

Data secured from counts of blasted heads made in 1936 are recorded 
in tables S and 9 and figure 5, C, D. Data on abundance of Meromyza 
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are jriveii in il^nre 4. Tiie dates of first lieading of the plots studied 
are more iieariy comparable to those in 1934 than to those in 1933, 
while the reverse is true of .the abundance of Meromyza, wliicli ap- 
peareti in niiiiibers earlier and reached a peak later in 1936 than in 1934, 
Tiiis iriav have influenced the total number of blasted heads collected. 

Some *pe(*uliarity of the season of 1936 caused one or more of the 
eaiiicu* planted plots to reach the stage of first lieadmg alter some of 
tlie iater fflanted ones. In general the number of blasted lieads siiows 
a ficiser relationship to date of .first heading than to date of pla.ntingj 
thus giving further evidence of the relation of stage of plant maturity 
to infestation by Memmyza. 

The tvpe of season also resulted in bringing the date of first heading 
for the different dates of planting much closer together than usiiaT 
ii< is indicated in table 10. There is some evidence that the type of 
season Iiad a different effect on different varieties. Taking these facts 
into consideration, the data from the variety-date-of-planting plots 
in 1936 are reasonably similar to those secured, in 1933 a.ncl 1934. 

Ta.b.le 10 . — Rangt in number of days from earliest date of first heading to latest 
date of first heading for each of four varieties tested in daiB-of-planting-varieiy 
plats during lOSS, 19S4', and 1986 


Range in days 


Variety 

; 193S 

m4 

1936 

flarlv B,laek:'hull 

i 11 

8 

4 

O'iii'vira.. - 

: 11 

7 

2 

K wired - - 

; 12 

7 

2 

Oro..,.,. i 

11 

9 

1 

Total range of all variet ies I 

20 

18 

i 

1 12 


In the %mriety series (table 8) the relative infestation of early 
maturing varieties in general is somewhat different from that of 1933 
under a lighter infestation. Especially is tliis trae of the relationsMp 
of Early Blackhull^ and Qiiivira to the other Tarieties. On the other 
hand, Mintiirki still retains its position with the lowest infestation 
when the period of first lieading is taken into consi.de.ration. Four 
Auirieties heading at an earlier date than Minturki had a lower infes- 
tation but were not exposed to the maximum oviposition. Hence, 
throughout these spring infestations there is evidence that both variety 
and stage of maturity are' important, in determming the amount of 
injury. 

The results of both variety and date-of-planting tests indicate the 
value of an early maturing variety or early maturity in the lessening of 
damage hr the spring brood of the wheat-stem maggot. 

FALL IHFESTAVIOH'S 

From a summa^’" of counts of ma^ot infestation made during 
several years previous to 1934 it was found that some varieties of 
wheat appeared to have less of the fall and early-spriag type of injuiy 
than did other varieties. Among 80 varieties and strains of wheat 
studied in two or more tests there was a range of from 0 to 29 in the 
average percentage of plants infest^. Most of the varieties having a 
low infestation had been in a very few tests in which the intensity 
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of the infestation was low on all varieties. Hence ^ these Jow figures 
are considered to be of doubtful significance. The iiitensitj of iiifes- 
tatioii in the different years, as indicated by the average infestation, 
varied from 2.8 to 32.6. 

From among this group_ of wheats the 21 varieties recorded in 
table 11 have been selected for presentation because they were 
studied in five or more tests or were of particular interest in con- 
nection witli the study of the late spring infestation. 

Table 11 . — InfeMaiion of winter-wheat mrieties by the fall generation of Mero-myza 
americana''’ in mriom years between 192 Jj. and 193S 


Kiin- ; 

no. 

C.I, i 
no. 1 

2522 

1 

mi 

2m 

:^i42 

W 


439 1 


244S i 

6155 ' 

W2 ; 

imi 

24CI1 ' 

514« 

435 ; 

6163 

221415 1 


2667 i 


4&:i i 

8M 

2132 i 


2MS 

' 8886 

2S«J 

8l» 

2588 ! 

5338 

4» 

8220 

2m 

8257 

AW 

B43 

6251 1 

m 

m? ; 

m 

i 


Variety 

Early 

spring 

1921, 

25 

plants 

Fall 

1924, 

15 

plants 

Fail 
1927, 
20 ■ 
plants 

Fail 
1931, 
60 ' 
plants 

Fall 

1932, 

50 

plants 

Early 

spring 

1933, 

25 

plants 

a 

Average in- 
festation of— 

1 klrin 


Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cenl 

cent 

Honor 


0.0 

0.0 

10.0 

8.0 

0.0 


3.6 

13.8 

Dawson 


.0 

10.0 

3.5 

10.0 

.0 


4.7 

13.8 

Harvest Qneea 

24.0 

6.8 

.0 

4.0 


.0 


6.9 

20.6 

Tenmarq 


6.8 

5.0 

4,0 

4.6 

.0 

28.0 

9.1 

17.8 

Minliirki 


■ .0 

15.0 


12.0 


14.0 

10.3 

24,8 

Kanred X Hard Fed- 










eration. . i 




13. 0 

6.0 

5.9 

28.0 

10. 7 

13. 0 

Kanred * 


7.2 

8.9 

2.5 

2.0 i 

' 4. 0 

44.0 

11.4 

17.8 

Shepherd... --j 


6.8. 

10. 0 

25. 0 

18.0 i 

.0 


12. 0 

13.8 

Illinl Chief Selec-dkm.i 

i 

! 9.2 

8. S ' 

1 1.3 

1 6.0 

8.0 

44.6 

12.9 

17.8 

Cteyenne i 


L ... 


14.1 

8.0 i 

: .0 

30.0 

13.0 

13. 0 

Early Blaekhiiil. . . . J 




25.8 

10.0 1 

.0 

20.0 

13.9 

13.0 

Red Winter 

28.0 

.0 

30.0 

14.0 

12.0 j 

4.0 


14.7 

18.2 

Quivira. . 




25.4 

8.0 j 

.0 

26.7 

15.0 

13.0 

Kawvale 



15.0 i 

1.9 

22.0 i 

8.0 

^.0 

15.0 

16.8 

Imperial Amber 


33.3 

10.0 1 

14.0 

6.0 i 

12.5 


15.2 

13.8 

Oro ^ 





12.0 1 

.0 

34.0 

15.3 

16.0 

Fulhard ^ 



30.0 i 

9.3 

10.0 1 

8.0 

28.0 

17. 1 

16.8 

Beech wood 

32.0 i 

iz'¥ 

25.0 i 

20.0 

14.0 i 

.0 


17.4 

18.2 

Blackhull 



12.3 i 

13. S i 

12.0 i 

10.5 

44.0 

1,8.5 

16. 8 

Re<i Rock j 



25.0 i 

40.0 

120' 1 

4.5 

32.0' 

18. 9 

17.8 

Turkey | 

1 

40.6 

40.0 j 

15.0 ! 

1 4.0 

6.0 1 

4.0 

38.0 

21.0 

21.0 

Average 

1 32.6 

1 7.1 

13.1 

11.5 

7., 8 1 

^ 2.8 

32.3 




A few varieties, such as Turkey, Ked Rock, Blackhull, and Beech- 
wooci, "were rather consistently high in all tests. Other varieties, 
such as Honor, Dawson, Harvest Queen, Tenmarq, and Alinturki, 
were^usually below the average in aU tests. 

It is of interest that the variety Jvlinturki, which showed little infes-' 
tation by the late-spring brood, also showed relatively little infesta- 
tion by the fall brood. The varieties Oro, Kanred, Quivira, and Early 
Blackhull, studied in the date-of-planting series are not arranged 
in the same ranking under the two. infestations. From the small 
differences between varieties and the erratic behavior in the different 
yeap it is questionable whether the low fall varietal infestation here 
indicated is of economic importance. How^ever, additional tests 
under more uniform infestation may. show differences of importance. 

SIJMMAET 

In the life history of Memmym arnsricam Fitch there are three 
larval instars which are distinguishable by the shape of the cephal- 
opharyngeal skeleton. The total life cycle is completed in from 18 
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to n 2 diiVri in the summer. The winter is passedin the laiTal stage. 
At ^vlarihattaiij Ivans. , there are three generations and a partial fourth 

eiieli year. 

During the course of these experiments four parasite^ CoeUnidea 
ferriiiphm Gahan, C. meromyzae (Forbes), Mwrobracon rmromyzas 
ffiaiuiiiN and Hypodiranchk sp., were reared from piirparia of the 
wheat-stem maggot. Eighteen species of Hymenoptera, including 
these four, were reared from volunteer wheat or culms heavily infested 
by the wheat-stem maggot. Nine species known to be parasitic on 
Afffooiyza are recorded in the literature. 

In the fall and early spring the wheat-stem maggot kills the central 
leaf of tlie plant destroying the tiller on which it feeds. The white 
or blasted heads winch appear at heading time result from the feeding 
of the larva above the upper node. 

The wlieat-stein maggot has been recorded as feeding on several 
species of Triticum on barley, rye, and on a number of native and 
introduced grasses. 

Plants from later sown seeds were more heavily infested in the spring 
than plants from earlier sowings. Differences in resistance to infesta- 
tion were noted among the different wheat varieties tested. These 
differences may not be of economic importance but further study 
should be made under more frequent and heavier infestations. 

The data collected from the variety and date-of-planting plots 
indicate that there is a stage in the growth of the plant which is more 
palatable to the larva or more attractive to the female fly than are 
other stages of growth. 
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COMPARATIVE CONFORMATION, ANATOMY, AND UDDER 
CHARACTERISTICS OF COWS OF CERTAIN BEEF AND 
DAIRY BREEDS^ 

By W. W. SwETT, senior dairy husbandman; Fred W. Miller, senior veterinarian 
'and physiologist; R. R. Graves, chiefs Division of Dairy Cattle Breeding^ 
Feeding, and Management, Bureau of Dairy Industry: ‘W’. H. B-uack, senior 
animal husbandman in charge of beef cattle investigations, Division of Animal 
Husbandry, Bureau of Animal Industry; and G. T. Creech, veierinafian, 
Pathological Division, Bureau of Animal Industry, United States Department of 


The amount of secretory tissue in the udder has been shown by 
experiment to be very much less in a highly specialized beef cow than 
in a highly specialized dairy cow, even though the internal anatomy 
and the ^eletal structure of the two cows are surprisingly similar 
{ 8 ),^ These results suggested the possibility that the difference in 
amount of secretory tissue in the udder, together with differences in 
persistency of lactation, may constitute the chief hereditary charac- 
teristics responsible for the wide difference in milk-producing capacity 
which has long been known to exist between cows of the dairy and 
beef breeds. 

Data on the quantity of secretory tissue in the udder were available 
for a large number of dairy cows whose nailk-producing capacity and 
persistency of lactation had been determined. Similar data on the 
amount of secretory tissue in the udder of a beef cow, however, were 
limited to the individual used in the comparison mentioned { 8 ), It 
seemed desirable, therefore, to determine whether or not the udder of 
the beef cow studied was typical of the udders of cows of the specialized 
beef breeds, and also to measure the producing capacity and the per- 
sistency or length of lactation of such beef cows when kept through 
their first lactation period under the same conditions of feeding, 
milking, and general management as dairy cows. 

In order to make such a study possible a cooperative arrangement 
was made with the Animal Husbandly Division, Bureau of Animal 
Industry, in 1927, whereby that Division was to provide at the Iberia 
Livestock Experiment Farm, Jeanerette, La., a group of eight bred 
heifers of one of the beef breeds, suitable for such a study. In order 
to avoid as far as possible the influence of any inheritance of dairy- 
breed characters on milk-producing capacity^ persistency of lactation, 
and mammary development, it appeared desirable to use beef animals 
that were registered or from registered parents, and that were of 
similar breeding. Animals of uniform size and condition, about 2 
years of age and bred to calve within about 3 or 4 months, seemed 
most suitable for this study. 
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The Bureau of Dairy Industry, for its part, agreed ^(p to keep four 
of the animals through one lactation period under conditions of feeding, 
milking, and management comparable to those under which dairy 
animals of similar age and stage of lactation are kept at that station; 
(2) to keep the records of their production; (3) to obtain ante-mortem 
photographs and body measurements; (4) to obtain post-mortem 
anatomical data at the" time of slaughter;^ and (5) to niake a compara- 
tive study of the ante-mortem characteristics, the size, the capacity, 
and the gross anatomy and histology of their udders, according to the 
method regularly employed in studying the udders of dairy animals. 
These four animals were to be placed in the dairy barn at least 2 
months before freshening, confined in stanchions, and fed and handled 
regularly to accustom them to the conditions of dairy-herd manage- 
ment before freshening, in order to avoid any rapid and permanent 
decline in milk flow which might result from a radical change in 
management at the very beginning of lactation. During the prelim- 
inary period in the dairy barn they were to be fed liberally to produce 
good development and conditioning without excessive fattening. 
Each animal was to be weighed every 28_days throughout the entire 
period of the experiment. After freshening, each cow in this group 
was to be milked twice daily; the quantity of milk produced at each 
milking was to be recorded, and a 2-day butterfat test was to be 
made each month. The ration was to be adjusted every 14 days and 
every effort was to be made to maintain lactation on a maximum plane 
and "to continue it as long as possible. Breeding was to take place 
not earlier than 3 months and not later than 5 months after calving 
in order that the effect of gestation might not be a disturbing factor 
in comparing the quantity of milk produced or the persistency of 
lactation of cows of the beef and dairy breeds when kept under 
comparable conditions of dairy-herd management. 

The other four animals, of similar breeding, size, age, condition, and 
gestation, were to be placed in the beef herd on the same experimental 
farm, and kept under conditions of management prevailing in that 
herd to sho*w whether or not the difference in feeding and the regularity 
of milking beef cows kept under dairy-herd conditions would appre- 
ciably affect the size, capacity, abundance of secretory tissue, and 
gi'oss and microscopic anatomy of their udders. On freshening, these 
animals would be permitted to run with their calves and would be 
fed the same as other cow^s in the beef herd. No attempt was to be 
made to measure milk- and butterfat-producing capacity or per- 
sistency of lactation, or to prolong the lactation period. Breeding 
was to take place according to the schedule usually follow^ed in the 
beef herd. The only records to be kept on this group were those 
concerning breeding, calymg, and live wreight. After each animal 
had completed her lactation period, the conformation, anatomy, and 
comparative udder data were to be obtained according to the plan 
outlined for the group kept under dairy-herd conditions. 

ANIMALS USED AND PROCEDURE FOLLOWED 

In October 1927 three Hereford heifers (H-15, H-16, and 11-17) 
from registered parents, all by the same sire and born in January 
1926, w-ere piirchased from a Louisiana breeder. A search for addi- 
tional anirnals suitable to make up the two groups w^as not imme- 
diately successfuL Meanwhile the three animals wwe deliverecl at f 
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the experii'aerital fariQ and placed in the daily bam. H-15 died from 
the effects of conditions induced by abnormal presentatmn of the 
fetus, and does not furnish any of the data on which this study is 

based. 

The 2-day average weights of H-16 and H-17, as taken on October 
27 and 28, 1927, were 720 and 695 pounds, respectively. On October 
27 their ages were 21 months 22 days and 20 months 29 days. So far 
as the investigators Imow, normal weights for growing Hereford heifers 
have not been published. -The average weight of these two animals, 
based on the 2-day average taken at the ages indicated, was 708 
pounds. The hercl in which H-IG and H-17 were ^raised received 
more individual attention than most herds in the vicinity, and the 
heifers purchased for the experiment were unusually tame and easily 
handled. They soon became accustomed to their new^ surroundings 
and conditions of management. They increased in weight and their 
general condition and behavior were satisfactory. 

The three animals in this first lot were supposed to have been 
pasture-bred and pregnant when purchased. Breeding dates were 
not available except that none of the animals had been observed in 
heat since July 1927. However, on December 14, 1927, H-17 came 
in heat and was bred. H-16 was pregnant when purchased and 
calved normall}^ on June 26, 1928. The loss of H-15 through death 
and the rebreeding of H-17 left only one of the animals oiiginally 
purchased in suitable condition for use in the milking phase of the 
experiment. Consequently six additional Hereford heifers, 2 years 
of age and from registered parents, were selected in southern Texas. 
They were pasture-bred. 

These heifers had been ‘Toughing it^’ on pasture during the winter. 
They were sliipped to Jeanerette, La., and during the first few days 
after their arrival tliey were kept tied, their horns were tipped, and 
they were branded. Wlien examined, photographed, weighed, and 
measured on April 7, 1928, about a week after then* arrival, they 
were thin and gaunt. They were below the average in size and 
condition for a breeder's herd, but were classed as good range cattle 
for the Gulf Coast region. Identification numbers were assigned to 
these heifers as follows: H-1, H-2, H-3, H-4, H-5, and H-6. Their 
weights on April 7 were, respectively, 550, 600, 580, 580, 625, and 595 
pounds. Eighteen days later, on April 25, their weights were, respec- 
tivety, 615, 660, 640, 645, 650, and 695 pounds. The minimum gain 
during that brief period was 25 pounds, the maximum 100 pounds, 
and the average 62.5 pounds. The weiglits of H-16 and H-17, on 
April 9, were 980 and 930 pounds. They had gained 260 and 235 
pounds, respectively, since their arrival at the experiment station farm. 

On June 4, 1928, the six heifers purchased in Texas were divided 
into two groups of three each on the basis of the uniformity of stage of 
gestation as determined by rectal examination. This basis for selec- 
tion was used in order that those to be milked in the dairy barn might 
all freshen at about the same time and be in milk during the same period, 
thereby iipuring more comparable conditions and facilitating the 
work required in carrying on the experiment. The pregnancy exam- 
ination indicated that H-2, H-5^ and H-6 were most nearly uniform 
and most advanced in stage of gestation, and they were selected for 
the group to be kept under dairy-herd conditions. Because of lack of 
^uniformity in gestation, H-1, H-3, and H-4 were placed in the group 
to be kept under beef-herd conditions. Tn addition to the six heifers 
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piircliased in Texas, two of the three animals originally purchased in 
Louisiana were still available, and in properly balancing the two groups 
it seemed desirable to place one of these older heifers in each group, 
H-16 was pregnant and apparently due to freshen within a month, 
H~r7, though pregnant from a breeding on December 14, 1927,^ had 
reacted later to the agglutination test for infectious abortion. Since 
H“-16 was more advanced in gestation and negative to the abortion 
test, she was placed in the group to be milked in the dairy barn,_ and 
H“17 was placed in the group to be kept under beef -herd conditions. 

The group of Herefords consisting of H-2, H-5, H-6, and H-16, 
selected to be placed in the dairy herd, milked, and kept under con- 
ditions of dairy-herd management will subsequently be referred to as 
group 1. The group consisting of H-1, H-3, H-4, and H-r7, selected 
to be kept in the beef herd under conditions of beef-herd management 
will be referred to as group 2. 

Similar data for the Aberdeen Angus cow" A-300 {8) and for two 
registered Holstein-Friesian cowrs (no. 299 and no. 827) w^ere used for 
comparison with those obtained on the Herefords. _ 

Figures 1,2, and 3 show the animals used in this study. 



Figure l.— The four Herefords (H-2, H-5, H-6. and H-16) that were kept in the dairy herd and milked 

through one lactation period. 


THE HEREFORD EXPERIMENT 

The details of the Hereford experiment were carried on essentially 
as outlined. The heifers in group 1 (dairy management) adjusted 
themselves slowly to the conditions prevailing in the dairy herd. 
Though not so gentle as animals raised under dairy conditions, they 
caused comparatively little trouble with the exception of OGcasional kick- 
ing. All of them calved normally. The heifers in group 2 (beef manage- 
ment) did not follow the schedule so well. The calving and breeding 
records of each of the animals in both groups are given in table 1, f 




■The two Holstein-Friesian cows (no. 299 and no. 827) with which the Herefords and the Aber- 
deen Angus cow were compared. 


Table 1. — Calving and breeding records of Hereford heifers 


Group, and animal no. 

Dataof caBing 

Calving notes 

Daterebred | 

Bred to— 

Group 1 (dairy managemeni): 

H-2— - 

Oct. 1, 1928 
Oct. 17,1928 
Sept. 22, 1928 
June 26,1928 

Dec. 14,1928 

■Rull oalf 

Jan. 12,1929 i 
Apr. 9,1929 
Mar. 21, 1929 
Nov. 9,1928 

V) 

Hereford. 

Jersey. 

Bo. 

Hereford. 

Shorthorn. 

Brahman. 


TTftifftr calf ' 



H-6 

H-l§ 

do^ 

Group 2 (beef management) : 

H-1. 

Bull calf 

H-3 


^ ' 

Dec. 20,1928 
June 12,1928 

Aborted 

G) 

Sept. 19,1928 

_...] 

do 


- i :Kot bred. Nursed calf until late in May 1929. 

^ B^ied July 19, 1928. Bisease diagnosed as anaplasmosis. 
s Pasture-bred, after Mar, 1, 19'29. , 


Boby Weights and Feed Consumption 

Even' animal in group 1 was substantially lieavier at the time of 
her final weight at the station on May 29, 30, and 31, 1929, than at 
^he beginning of the experiment. Similar gains were made by the 
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animals in group 2 with the exception of H-l, which nursed her 
calf until a short time before the termination of the experiment. 
Each of the four animals in group 1 increased in weight during laota- 
tibii, but remained nearly constant in weight after the completion of 
lactation. Two of the animals in group 2 made gains of approxi- 
mately 100 pounds after calving, but H-1 showed a slight loss. The 
calf born to H-l w-eighed 35 pounds at birth as compared with an 
average birth weight of 51 pounds for the calves born to the cows 
in group 1 . All the calves were kept until they were at least 4 months 
old, wdien H-Es calf weighed 100 pounds as compared with an 
average of 160 pounds for the other four.^ So far as is known H-Es 
calf received notliing but its mother^s milk and what feed it might 
have obtained while running with the herd. The other four calves 
were given whole milk for 30 days, and then skim milk. Grain and 
hay w-ere first given at 1 week of age, the quantity being increased 
until the calves were consuming 3 pounds of grain and 3 to 4 pounds 
of hay daily at 3 months of age. The individual live weights for 
both groups of cows are given in table 2. 


Table 2.- — Live weights of Herefords ^ 


Date 

Group 1 (dairy management) 2 

Date 

Group 2 (beef manage- 
ment) 3 

H-2 

H-5 

H-6 

H-16 

H-l 

H-4 

H-17 

Get. 27 and 28, 1927.. 

Pounds 

Pounds 

Pounds 

Pounds 

720 

770 

790 

820 

890 

910 

880 

980 

930 

96Q 

970 

Oct. 27 and 28, 1927. _ 

Poimds 

Pounds 

Pounds 

695 

760 

780 

810 

860 

880 

890 

930 

950 

980 

990 





Nov. 9 



Dec. 7 




Dec. 7 







Jan. 4, 1928 



Feb. 1 




Feb. 1 



Feb. 29 




Feb. 29 



Mar. 28 




Mar. 28 



Apr. 7 or 9.. 

Apr. 25 

May 23 

June 20 

600 

660 

625 

716 

755 

745 

780 

625 

650 

590 

6S5 

715 

710 

735 

720 

595 

695 

650 

730 

773 

772 

805 

Apr. 7 or 9 

Apr. 25 

May 23 

June 6-. 

550 
615 
565 
620 
625 
660 
690 
710 
705 
i 760 

1 650 

! 660 ' 

640 
570 
610 
650 
615 
595 
590 

580 

645 

602 

630 

700 

735 

730 

740 

745 

780 

710 

July IS ..J 

Aug. 16 

Sept., 12 

Oct. 10 

915 

902 

922 

913 

942 

950 

970 

955 

995 

940 

960 

950 

July 4,. 

Aug. 1 

Aug. 29 

Sept. 26 

Oct. 24 

Nov. 21 

Dec. 19.. - 

Jan. 16, 1929 

Feb. 13 

1, 000 
990 
980 
1,010 
1, 000 
1, 020 
995 
995 
1, 000 
970 
1,050 
1, 050 
1, 100 
1, 115 
1,080 

695 

745 

720 

760 

750 

790 

680 , 

725 

760 i 

790 

760 

793 

Hov. 7 

Dec. 5 

Jan. 2, 1929.. 

665 

700 

710 

705 

735 

690 

730 

760 

775 

760 

770 

Jan. 30, 

.Feb. 27 

710 

670 

690 

785 

820 

833 

840 

.826 

Mar. 27 

.Apr. 24 

May 22 

760 i 
790 : 
840 
835 
815 i 
780 i 

730 

780 

810 

792 

810 

780 

Mar. 13 

Apr. 10,. 

May 8 ... 

May 29, 30, and 31 A. 

June 13 A-. 

June 15 s 

.May 29, 30, and 31 A. 

June 13 

June 15 2 

953 

965 

955 


1 H~15 and H-3 died during the early part of the e.xperiinent, consequently their weights are omitted. 

2 The h^vy cross rules indicate the beginning and the end of the lactation period. 

^ 3 The heavy cross rules indicate the beginning of the lactation period. The termination of the period 
IS not definitely knowm. < At Jeanerette, La. VAt Benning, D. C. 

The four animals in group 1 were fed according to their calculated 
requirements (Savage standard plus 10 percent). 

Table 3 shows the amounts of the various feeds consumed diiriiig 
the experiment. The hay yras lespedeza, the silage was sorghum and 
soybean a part of the time and corn and soybean the remainder of 
the time. The grain mixture consisted of the following feeds: 
Brewers’ rice, cottonseed meal, wheat bran, rice bran, rice polish, 
corn-and-cob meal, bone meal, and salt. 
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The cows were on pasture from June 21 to November 30, 1928, 
and from March 14 to May 29, 1929. From March 14 to 27, 1929, 
they were on pasture only half of each day. 

The ration was the same as that fed the station's dairy herd during 
.the same period. 

Table 3. — Feed cofmimed hy Herefords in group 1 {dairy manageimni) by 2S-da/y 

periods (1928-29) 


H-2 


H-5 


H~6 


H-16 


Feeding period 

1 


o 

Pasture 

1 

Ann 

© 

Si 

in 

Pasture 

Grain 

. 

© 

Si 

E 

Pasture 

Grain 

Hay 

Silage 

Pasture 


U. 

Lb. 

Lb. 

Dys. 

Lb. 

Lb. 

Lb. 

Dps. 

Lb. 

Lb. 

Lb. 

Dps. 

Lb. 

Lb. 

Lb. 

Dps. 





28 




28 




28 

84 



28 





28 




28 





28 

91 



28 





28 




28 




28 

84 



28 

Sept. 13 to Oct. 10- - 

42 



28 




28 

35 



28 

70 



28 

Oct. 11 to Not. 7 ' 

28 



28 

~2S" 



28 

28 



28 

56 



28 

Not. S to Dec. 5 

28 

84 

420 

23 

28 

84 

420 

23 

28 

84 

420 i 

23 

56 

84 

420 

23 

Dee. 6 to Jan. 2 

28 

112 

805 


28 

112 

805 


28 

112 ’ 

805 1 


56 

112 

805 


Jan. 3 to Jan. 30 

28 

140 

840 


28 

140 

840 


28 

140 

840 ! 


49 

140 

840 


Jan. 31 to Feb. 27, . 

28 

168 

840 


28 

168 

840 


28 

168 

840 


42 

168 

840 


Feb. 2S to Mar. 27,- 

28 

140 

330 

7 

28 

140 

330 

7 

28 

140 

330 

7 

42 

140 

330 ; 

7 

Mar. 28 to Apr. 24-- 




28 




28 




28 : 




28 

Apr. 25 to May 22,. 




28 




28 




28 




28 

May 23 to June 19.. 












1 7 




7 



i 

i 














Records of Milk Production 

The milk-produomg capacity of the animals in group 1 was sur- 
prisingly low. Except for one animal, the duration of the lactation 
period was very brief, although the animals were milked until the 
quantity of milk obtained at a milking was extremely small, in an 
effort to continue lactation as long as possible. Furthermore, since 
no animal was bred until 102 days after calving, and one did not 
conceive until 180 days after calving, pregnancy could not have been 
responsible for the rapid decline in milk flow and the brevity of the 
lactation periods. Feeding a ration calculated to furnish an excess 
of nutrients was continued until the cows were turned on pasture 
March 14, 1929, at which tune two of the annuals (H-2 and H-6) were 
diy and the other two (H-S and H-16) were producing respectively 
0,8 pound and 3.5 pounds of milk daily. The records of milk and 
butterfat production are given in table 4. 

The data presented in table 4 require but little discussion. The 
lack of persistency in the case of H-2, H-S, and H-6 is shown by the 
brevity of the periods of lactation, which were only 153 days, 202 days, 
and 159 days respectively. Moreover, the monthly production 
records, the averages for daily production, the averages for the first 
10 days of lactation, the maxima for one milking and the maxima for 1 
day, all bespeak the extremely low level of production for these three 
cows. Undoubtedly H-6 was the i>oorest milk and butterfat pro- 
ducer in the entire group, her total being only 80.6 pounds of millv and 
3.73 pounds of butterfat for the entire lactation of 159 days — an aver- 
age of only 0.51 pound of milk daily. Presumably H~16 wms the old- 
est cow in the group . At any rate she was larger and better developed 
than any of the others. Though her milk flow was very low from a 
dairy standpoint it was more abundant and more persistent than that 
of any other cow in the group, her lactation period continuing for 329 
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days and ber total production amounting to 1,767.8 pounds of milk 
and 90.52 pounds of butterfat. Tbis is more than 11 times as much 
milk and 13 times as mucli butterfat as the average for the other three 
cows in the group. The fact that H-16 was so superior to the other 
animals in group 1 may be accounted for partly by her greater size 
and presumably more advanced age. Since she came from a different 
line of breeding, her inheritance may have been partly responsible 
for her Mgher production. 

To confirm the statement previously made to the effect that the 
lactation period of these animals was prolonged to the extreme, at- 
tention is called to the fact that the average daily production for the 
last 10 deijs in milk was 0.20 pound for H-2, 0.50 pound for H~5, 0.17 
pound, for H-6, and 0.94 pound for H— 16. On the last 2 days of lac- 
tation H“2 and H-6 were milked only once daily. 


Table 4. — Milk and butterfat production of Herefords in group 1 {dairy 

management) 


1 

i 


H-21 


H-5 2 

H-6« 

H-16 * 

Year and month | 

Milk 

But- 

terfat 

Days 

milked 

Milk 

I 

But- 

terfat 

Days 

milked 

Milk 

But- 

terfat 

Days 

milked 

Milk 

1 

But- 

terfat 

Days 

milked 

1928: 

Lb. 1 

Lb. 

i No. 

Lb. 

Lb. 

No. 

Lb. 

Lb. 

No. 

Lb. 

Lb, 

No. 

June 










8.8 

.40 

2 

July 




1 






272.2 

12. 39 

31 

August 










255. 7 

10.481 

31 

September 







6.1 

.31 

3 

226.8 

10, 21 

30 

October 

52. 1 

3,05 

\ 28 

3^ 

1.41 

10 

30.1 

1.51 

31 

184. 5 

10. 79 

31 

November 

31.0 

1.57 

1 30 

67. 3i 

2.32 

30 

18.3 

.93 

30 

158. 4 

8. 08 

30 

December 

19. 1 

,86 

! 31 

43-9 

1.49 

Z1 

10.2 

.33 

31 

160.6 

7.36 

31 

1929: 



1 






1 




January 

14. 2\ 

.74 

I 31 

38.6 

1.68 

3l! 

8.3 

.39 

31i 

139. 5 

7. 74 

31 

February 

\ 8.6l 

.27 

i 28 

31.2 

1.03 

28| 

6.8 

.23 

281 

114.8 

7. 00 

28 

March 

! i.Ol 

1 .03 

5 

23.6 

.78 

31 

.81 

.03 

5! 

117. 1 

7.08 

31 

April 




20.5 

,90 

30 




96. 1 

6, 73 

30 

May 




5.6 

.25 

11 




33. 3 

2. 26 

2J5 














Total : 

5 126. 0 

6. 52 

153 

6255.4 

9.86 

202 

7 80. 6 

3.73 

159 

81,767.8 

90. 52 

329 

Daily average pro- 













duction: 













Entire period.... 

.82 



1- 26 



,51 



5. 37 



First 10 days 

1.95 



3. 471 



1. 34i 



7. .32 



Last 10 days 

.20 



.50: 



' .17 



1 . 94i 1 


Maximum produc- 













tion: 







i 






For 1 milking-... 

1. 5 



2.3 



1.4 



5.2' 



For 1 day. 

.2.6 



4.1i 



2.4 



10. 1 

















I Calved Oct, l, 1928. s Butterfat test, 6.17 percent, 

^ Calved Oct, 17, 1928. o Butterfat test, 3.86 percent. 

^ Calved Sept. 22, 1928. 7 Butterfat test, 4.63 percent. 

* Calved June 26, 1928. s Butterfat test, 5.12 percent. 

During the time the Herefords were on experiment (June 26, 1928, 
to^May 23, 1929) eight first-lactation Jerseys in the same herd were 
being tested for milk and butterfat production. Three of the Jerseys 
were in milk following abortions, whereas all of the Herefords in the 
group calved normally. Moreover, two and probably three of the 
Jerseys had had cattle-tick fever prior to going on test, contracted as 
a result of moving the herd from the experimental farm because of the 
flood. On the other hand, the Jerseys were slightly older when they 
freshened (average 3 years 1 month) and were milked three times 
daily during at least a part of the lactation period. The average 
production of the eight Jerseys was 6,684 pounds of milk and 358 
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pounds of butt erf at. This is approximately 12 times the average 
milk production and approximately 13 times the average butterfat 
production of the four Herefords. 

It is recognized that the Hereford is a specialized beef breed that 
has been bred for meat rather than dairy purposes. The Hereford 
COW consecpiently is expected to be a low milk producer, yet she seldom 
fails to raise a calf successfully without the aid of nurse cows — even 
under range conditions. 

When compared with cows of a dairy breed of similar age, the pro- 
duction records of the four Herefords were extremely low. The ani- 
mals in this group apparently did not possess the capacity to produce 
liberal quantities of milk, or the stimulus to continue lactation over an 
extended period. The fact that three of these animals were under- 
sized is recognized, but with the opportunities afforded them both 
before and during lactation, they could hardly have failed to make a 
more creditable showing if their inheritance had included the capacity 
for abundant lactation, 

BREED COMPARISONS 

Since this study of the conformation, anatomy, udder character- 
istics, and lactating capacity of Herefords was prompted by results 
obtained in comparing the udder development of the Aberdeen Angus 
cow A-300 with that of the Jersey cow Sophie 19th of Hood Farm (S), 
it seemed fitting that an attempt be made to determine whether the 
conditions found in the udder of the Aberdeen Angus cow were 
typical of beef cows, and to what extent the Aberdeen Angus udder 
and the Hereford udders differ from the udders of cows of a dairy 
breed. 

An effort was made to use for comparison the data from dairy cows 
of approximately the same age as the Herefords, but the only complete 
and comparable data available were those on two Holsteins that aver- 
aged 4 years 7 months of age at time of slaughter as compared with 
3 to 3K years for the Herefords. Moreover, the Aberdeen Angus 
cow was approximately 12 years of age when slaughtered. Attention 
is called to this difference in ages as it seems reasonable to suppose 
it might in some degree affect the size of the animals in the different 
groups and conisequently be reflected in the direct weights and meas- 
urements of the body and its parts, and in the comparisons made in 
them. However, most of the data presented are in the form of ratios 
of one body measurement to another designed to show body propor- 
tions rather than absolute measurements, or are presented as ratios of 
the size of individual body parts to the body as a whole. A compari- 
son of the data presented in this manner affords an opportunity to 
study conformation and comparative anatomy more or less irres- 
pective of the size of the animals, and presumably minimizes to a 
great extent the effect of differences in age. 

The Herefords, the Holsteins, and an Aberdeen Angus are com- 
pared on the basis of their conformation (ante-mortem data) and 
their anatomy (post-mortem data) ; and on the basis of the character- 
istics of their udders as determined both before and after death. 
The Aberdeen Angus cow vras a show animal (had recently been ex- 
hibited at the International Livestock Exposition) and vras in a very 
high condition of flesh, whereas the five Herefords purchased in 
southern Texas were in comparatively poor flesh. The Holsteins 
were in moderate flesh. 
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Holstein cow no. 299 was 4 years 2 months of age and had been dry 
22 days when slaughtered. Her production record, made at the age 
of 3 vears 3 months was 14,295 pounds of milk and 463 pounds of 
biitteHat. Holstein cow no. 827 was 4 years 11 months of age, and 
had been dry 7 months 12 days when slaughtered. Her production 
record, made at 2 years 7 months of age, was 14,257 pounds of milk 
and 522 pounds of butterfat. Both Holsteins were milked three 
times daily while their records were being made. Milking the Hoh 
steins three times instead of twice daily, and the fact that they were 
slightly more advanced in age at the time the records were made, 
probably gave them some advantage over the Herefords with respect 
to abundance of production. However, the difference between the 
production records of the Herefords and the Holsteins is so great that 
a marked contrast in producing capacity is emphatically shown. 
Production records are not available for the Aberdeen Angus cow 
A-300. 

ANTE-MORTEM MEASUREMENTS AND SUPPLEMENTAL DATA 

Owing to the lack of facilities at the Iberia Livestock Experiment 
Farm, for slaughtering the Herefords and obtaining the desired post- 
mortem data, they were weighed on 3 successive days, given the 
necessary dippings at the Federal dipping station, and shipped to the 
stockyards at Benning, D. C., where they arrived June 8, 1929, after 
being en route since June 1. 

On June 13 their weights were obtained on the stockyard scales, 
and photographs were taken of the individual animals. The total 
weight of the seven animals was 5,900 pounds as compared to 5,903 
pounds for the average for 3 days immediately before shipment. 
Four animals had gained slightly in weight; three had lost. The 
individual weights are given in table 2. 

On June 14, the cows were graded for slaughter purposes as follows: 


Group 1: Grade 

H~2 Low good. 

H-5 Middle medium. 

H"6 - Low medium. 

H-16 — Middle good . 

Group 2: 

H-1 — Top cutter. 

H-4 Top medium. 

H-l? _ Low good. 


On June 15, at the Benniog stockyards, ante-mortem measurements, 
designed to translate conformation into numerical values suitable for 
analysis, w’-ere made of each of the seven animals according to the plan 
regularly followed by the Bureau of Dairy Industry in recording and 
studying growth and conformation. Observations on the develop- 
ment and condition of the udder of each of the seven cows were made 
on the same day. Live weights, taken at about 2 p. m. on June 15, 
totaled 5,780 pounds. Individual weights are shown in table 2. 

A comparison of the conformation of animals representing such 
marked differences in type as animals of dairy and beef breeds is 
difficult to show, except as it can be sho\vm through body proportions, 
or through the relation of each of the different measurements to one 
or more measurements selected as most nearly representing the 
skeletal size of the animal. Bush-Brown (^), a sculptor, Washington, 
D. C., emphasized the necessity for — 
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an accurate and reliable method of measuring the bodies of individuals, which will 
make full allowance for variations in size, so that not only large and small individ- 
uals of the same breed may become comparable, but also individuals belonging to 
different breeds, and even the same individual at different stages of growth. 

Such a method must clearly be based upon a unit common to all 
individuals, and upon a comparison of proportions rather than upon 
absolute measurements. In studying the conformation of the horse, 
Bush-Brown used as a basis the height at withers which, regardless 
of the size of the animal, determines the unit of measure to be used 
for that animal. The proportions obtained from measurements made 
on this basis enable an artist or a sculptor to reproduce with exactness 
a painting or a model of any size. 

A number of research workers who have studied cattle conforma- 
tion have indicated that height at vdthers is a fairly satisfactory 
measure of skeletal size. According to the views of Van den Bosch, 
late chief inspector of the Netherlands Cattle Society, a dairy cow 
approaches perfection as her different bod}^ measurements approach 
definite proportions to height at withers. He uses height at withers 
as a basis for determining body proportions in evaluating the degree 
of perfection in the form of a dairy cow. Eckles and Swett (5, p. B) 
state that— 

growth of the animal, as far as the skeleton is concerned can be determined 
reasonably well by a few measurements, and sufficiently well for most purposes 
by one measurement alone. 

The one selected was height at withers. Brody (7, p. 1) states that — 
since height at withers in cattle is but slightly influenced by environmental con- 
ditions, therefore, at a given age the numerical value of This measurement is 
practically a genetic index of the size of the animal. 

More recently Lush and Copeland (d, p. 49) stated: 

For most purposes a very few measurements considered in relation to each 
other or in relation to weight seem as much as would be really useful in contribut- 
ing to the general picture of the animal and of the changes which occurred in it. 
Thus height over withers or over hips would certainly be included among those 
measurements least influenced by plane of nutrition, and therefore especially apt 
to be illuminating when considered in relation to weight. 

Other workers, studying nutrition, growth, and other matters 
relating to size in cattle, have based their experiments either on 
skeletal size alone or on skeletal size and live weight — skeletal size 
being measured by height at withers. 

Some students of animal conformation subscribe to the idea that 
length of head rather than height at withers is the fundamental unit 
of measurement to which every other body measurement bears a 
definite ratio in the animal having the desirable form. Pontius 
(7, p. 110) studied the relation between length of head and each of 
10 different body measurements for a group of dairy cows having good 
conformation and good producing capacity. His correlations were 
not highly significant. According to Gulliver {5, p, 69) ^ both Megar- 
gee and Kawamura, who are well known as animal painter and 
animal sculptor respectively, have for years used a system of meas- 
urement and proportion based on length of head. 

The ante-mortem measurements of the seven Herefords, together 
with corresponding measurements of the two Holstein cows and the 
Aberdeen Angus cow, whose udders are compared with those of the 
Herefords later in this paper are given in table 5. 
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Table lu~—Ante-inoriem data on the animals used in the experiments-— ConUmied 
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BREED DIFFERENCES IN UNITS OF MEASUREMENT AND IN RATIOS TO HEIGHT AT 
WITHERS AND TO LENGTH OF HEAD 

Wlieii expressed in actual units, the measurements of the Here- 
fords differed considerably from each other, and as a group differed 
markedly from the Holsteins and from the Aberdeen Angus. Un- 
doubtedly, condition of fleshing and stage of gestation had a con- 
siderable effect on the measurements of indiyidual animals, as H-1 
was in comparatively poor flesh, H-17 was in very good flesh and 
nearly due to freshen, and A-300 was in a very high condition of flesh. 

The ratio of each body measurement to height at withers and to 
length of head, which, as stated, have been used by several investi- 
gators as basic measurements, have been determined to make possible 
a study of the comparative proportions of each animal. Table 5 
shows the body measurements for the different items expressed in 
actual units, and the ratios of the body measurements to the height 
at withers and to the length of head. Thickness of hide and diameter 
of trachea are not considered as body measurements, consequently 
they are not included in the discussion of conformation. 

Without exception the average for live weight, and for each body 
measurement, expressed in actual units, was greater for the Holsteins 
than for the Herefords, but the relation of actual measurements of 
the Aberdeen Angus to those of the other breeds is not consistent. 
The probable effect of age differences on these absolute measurements 
has been mentioned previously. Twenty-four different body meas- 
urements are compared for each of the breeds. The magnitude of 
the measurement for the Aberdeen Angus is intermediate between 
the averages for the Herefords and the Holsteins for 13 of these items, 
8 of which are indicative of ^^scaled^ The width of thurls of the 
Aberdeen Angus is equal to the corresponding average for Holsteins 
but distinctly greater than the Hereford average. The measure- 
ments for the remaining 10 items, which include the depths of rear 
chest and of paunch; length of rump; width of hips; and the widths 
and circumferences of fore chest, rear chest, and paunch, are greater 
for the Aberdeen Angus than for either the Herefords or the Holsteins. 
Undoubtedly most of these 10 measurements, as well as the width 
of thurls, were affected to a very considerable extent by the excessive 
fleshing in the Aberdeen Angus. 

PERCENTAGE DIFFERENCES, BY BREEDS, IN UNITS OF MEASUREMENT AND IN 

RATIOS 

In comparing breed averages on the basis either of actual units of 
measurement or of ratios, some differences which at first appeared 
small W'cre found to be of considerable importance if they repre- 
sented small measurements or low ratios. Some differences that 
appeared relatively large were of comparatively little significance if 
they represented large measurements or high ratios. For example, 
in comparing the averages for Holsteins with those for Herefords 
(table 5), a difference of 21.53 centimeters in height at withers repre- 
sents a percentage of 18.4, whereas a difference of only 8.59 centi- 
meters in width of loin is equivalent to 29.1 percent. For this reason 
the differences in breed averages were reduced to a percentage basis. 
To determine the percentage to which the Holsteins differed from the 
Herefords for any given item the difference betw’^een the averages 
for the tw^o breeds for that item w^as divided by the average for the 
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Herefords and multiplied bj 100. If the Holstein average was higher 
than the Hereford average, the percentage value was prefixed with a 
plus sign; if lower it was prefixed with a minus sign. In, the same 
manner the data for the Aberdeen Angus 'were compared first with 
the Herefords and then with the Holsteins. ^ The percentages showing 
the extent to wliich the breeds differ are given in table 6. 

Since all the w^eights and measurements are greater for Holsteins 
than for Herefords, the percentages showing the degree of difference 
are all plus. The greatest difference, which is for live W’^eight, shows 
that the Holsteins averaged 68.04 percent heavier than the Herefords, 
Among the measurements, the greatest difference was in width of fore 
chest (41.34 percent), and the next in width of pinbones (31.13 percent). 
The greatest differences appear to be associated with fullness of barrel 
and the smallest with skeletal measurements and “scale.” 

The Aberdeen Angus differs from the Herefords most in live w^eight, 
widths and circumferences, and least in skeletal measurements and 
“scale.”' ; _ , 

The Aberdeen Angus is higher than the Holsteins in weight, lower 
than the Holsteins for 13 of the measurements, higher for 10, and the 
same for 1. The measurements having the greatest minus difference 
are height at withers and hips, length of head, and width of pinbones. 
Those having the greatest plus difference are width of fore chest and 
hips and circumference of fore chest and paunch. 

The ratios based on height at withers indicate that the Holsteins 
were very similar to the Herefords in body proportions with only a 
few of the items differing greatly, the larger differences being confined 
almost entirely to measurements of width. The Aberdeen Angus 
differed most from both the Herefords and the Holsteins in width 
of Mps, depth of paunch, and in widths and circumferences of barrel, 
showing the combined effect on body proportions of a high condition 
of flesh in a low-set animal. 

The comparison of the ratios based on length of head emphasizes 
the similarity in the proportions of the Herefords and Holsteins for 
nearly all items; it shows that the Aberdeen Angus differed only 
slightly from the Herefords and the Holsteins in the items representing 
“scale”, but that the Aberdeen Angus differed greatly from both Here- 
fords and Holsteins in many of the wddths and in all of the circum- 
ferences of the barrel. In view of these results it is noteworthy that 
the Herefords and the Aberdeen Angus, though differing greatly in 
size and in many body measurements, were nearly the same in 
length of head, and that the Holsteins greatly exceeded them in this 
measurement. 

Although marked differences existed in the live weight and in many 
of the body dimensions of the breeds, a similarity is shown in the body 
proportions of the Holsteins and the Herefords wdien the ante-mortem 
data are compared on the basis of ratios based either on height at 
wdthers or on length of head. Also the ratios for measurements of 
height and length, wdiich are indicative of “scale”, indicate that the 
three breeds are very similar. The outstanding differences in body 
proportions are for those measurements that are most affected by 
deposition of fat. Tins confirms conclusions previously expressed iS) 
that COWL'S of the different breeds are generally siiiiilar in skeletal 
structure, and that difference in type resulting from breeding and 
selection is due primarily to degree of fleshing. 
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In addition to the ante-mortem measurements given in table 5 a 
number of additional values have been derived to show more com- 
pletely the differences in the conformation of the Herefords, the Hol- 
steinsj and the Aberdeen Angus. The methods employed in obtaining 
the contours^ body surface area, volume of barrel, angle of rump, 
thoracic and abdominal indexes, legginess, and wedge shape are ex- 
plained in detail in a previous publication (9). These supplemental 
ante-mortem data are given in table 7. 

Attention is again called to the fact that the Holsteins and the 
Aberdeen Angus were older than the Herefords at the time of slaughter 
and that this greater maturity probably had an effect on the absolute 
values representing total area of fore chest and of paunch, body 
surface area, and volume of barrel. A marked progressive increase 
is shown from Hereford to Holstein to Aberdeen Angus in the average 
values for total contour area of both fore chest and paunch. In the 
fore-chest contours, slightly more than half the area is above the 
vertical midpoint for Herefords and for the Aberdeen Angus, whereas 
very slightly more than half was below for the Holsteins. In the 
paunch slightly more than half of the total area was below the vertical 
midpoint for all three groups. In both fore chest and paunch, the 
values obtained by dividing the total contour area by the correspond- 
ing depth, width, and circumference, progress with considerable 
regularity from Herefords to Holsteins to Aberdeen Angus. How- 
ever, the increase is less marked from Holsteins to Aberdeen Angus 
in the case of circumference of paunch, than for the others. 

The body surface area is much less for the Herefords than for the 
Holsteins, but almost the same^ for the Aberdeen Angus as for the 
Holsteins. A similar relationship of values exists for the estimated 
volume of barrel. Though perhaps not highly significant, the angle 
of rump was highest for the Holsteins and lowest for the Aberdeen 
Angus. The thoracic index decreases with considerable regularity 
from Herefords to Holsteins to Aberdeen Angus, signifying that the 
Holsteins were intermediate and that the Aberdeen Angus was the 
highest in proportion of width to depth of fore chest. Values for 
abdominal index are nearly the same for all three breeds. The 
legginess was almost the same for the Holsteins as for the Herefords, 
but distinctly less for the Aberdeen Angus. 

On the basis of actual measurements, the Herefords had almost 
no vertical wedge shape, as determined by subtracting depth of fore 
chest from depth of paunch; the Holsteins had more than 10 times 
as much as the Herefords; and the Aberdeen Angus had more than 
3 times as much as the Holsteins. In width, the wedge shape de- 
creased markedly from Herefords to Holsteins to Aberdeen Angus, 
showing that the Herefords were narrowest in the chest as compared 
wdth the width of paunch. In circumference the ■wedge shape was 
almost the same for all tliree breeds; and on the basis of the contour 
areas the wedge shape of the Herefords and Holsteins was almost 
identical, but that of the Aberdeen Angus was considerably less. 

Another method of showing wedge shape is to divide the paunch 
measurement by the corresponding fore-chest measurement. The 
ratios for depth obtained in this manner increase somewhat from 
Herefords to Holsteins and to a greater extent from Holsteias to 
Aberdeen Angus. On the other hand, the corresponding ratios for 
■widths decrease. Eatios for circumferences are highest for the 
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Herefords, but those for Holsteiris and for Aberdeen xingiis are nearly 
the same. For contour areas a decrease in ratios is siiowm from Here- 
fords to Holsteiiis to Aberdeen Angus. The ratios sliow^ practically 
the same thing as the differences in ineasureinents, indicating that the 
Herefords were relatively shallow in the paunch, whereas the Holsteins 
had soiiiewhat greater and the Aberdeen Angus niiich greater relative 
paiiiieh depth: that in width the Herefords were relatively narrow- 
chested, whereas the Holsteins had greater and the Aberdeen Angus 
still greater relative width of fore chest; that in circumference the 
relation of paunch to fore chest was more nearly the same for all 
breeds and that in contour area the relation of paunch to fore chest 
was lower for the Aberdeen Angus than for the Holsteins, and lower 
for both than for the Herefords. The data in table 7 emphasize 
again the effect of fleshing on the body proportions of the animal. 

POST-MORTEM ANATOMICAL BATA 

The seven Herefords were slaughtered during the period of June 17 
to 21, 1929, and post-mortem data were obtained in accordance with 
the general plan adopted by the Bureau of Dairy Industry for stii dy- 
ing the relation between the conformation and anatoiny of the dairy 
cow and her milk- and butterfat-prodncing capacity. The post- 
mortem data for the Herefords, the Holsteins, and the Aberdeen Angus 
are presented in table 8, The live weights differ soniewhat from those 
shown ill the ante-mortem data as they were taken immediatel}* before 
slaughter, whereas the ante-mortem data sometimes were obtained 
several days earlier. Empty body weight is used to represent the net 
weight of the total animal structure. It is determined by subtracting 
the total weight of the contents of the stomachs and intestines from 
the live weight. It is more significant than live weight as it eliminates 
variations in weight due to the of the animal. The other items 
are self-explanatory. ... 

In table 8, data are given for each animal in the units of weight or 
nieasurement as taken, and show the differences existing between 
individuals or breeds in the size of the animal or its organs and body 
parts. Here, again, the authors call attention to the possible effect 
of age differences on these absolute values and on comparisons based 
upon them. The values designated as “units per 100 pounds of empty 
body weight”, show the relation of each organ and body part to the 
weight of total animal structure. 

The actual values for Holsteins are greater than those for Herefords 
in all but 3 of the 67 items compared. The actual values for the Aber- 
deen xAagus are higher than those for the Herefords in all but 4 of the 
34 itpis compared, but greater than those for the Holsteins in only 
11 of the 34. When compared on the basis of the values showing 
size of organ or body p.art in relation to empty body weight, the 
Herefords exceed the Holsteins in 53 of the 66 items compared, and the 
Herefords exceed the Aberdeen Angus in 26 of the 33 items compared, 
.The Holsteins exceed the Aberdeen Angus in '27 of the 33 items com- 
pared. To obtain a better idea^ of 'the degree of, difference .between 
the breeds, both the actual units and the values based on em.pt,y 
body weight are compared, as in the. case of the ante-mortem data, 
by reducing the differences to a percentage basis. The percentages 
for the different, comparisons for each item' are shown in table 9. 









Item Group 1 (dairy management) Group 2 (beef maimgemeiit) 
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Table 9. — Comparative anatomy of the Herefords^ Holsteins, and ^Aberdeen Angus 


Actual units 


Units ner 100 pounds of empty 
body weight 


Item 

Relation 
of Hoi- 
steins to 
Herefords 

Relation 
of Aber- 
deen 
Angus to 
Herefords 

Relation 
of Aber- 
deen 
Angus to 
Holsteins 

Relation 
of Hol- 
steins to 
Herefords 

Relation 
of Aber- 
deen 
Angus to 
Herefords 

Relation 
of Aber- 
deen 
Angus to 
Holsteins 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Live weight 

+ 68 . 58 

+ 93. 77 

+ 14. 94 

- 5. 62 

- 11. 35 

- 6. 07 


- f - 77 . 69 

+ 117. 44 

+ 22. 37 





+ 99 . 28 

+ 17 . 74 



Weight of thyroid - 

+ 160 . 50 

+ 277. 30 

+ 44. 84 

+ 36.93 

+ 61.41 

+ 17. 88 


+ 34. 57 



- 26. 92 




- f 69. 86 



- 6. 06 



Weight of udder (empty) 

+ 160- 16 

+ 336. 08 

+ 67. 62 

+ 50. 69 

+ 106. 94 

+ 37.33 

Weight of hide. 

+ 26. 20 

+ 29. 19 

+ 2. 37 

- 31. 38 

- 42 . 67 

- 16.44 

Weight of genital organs 


- 89. 10 

- 90.35 

- 11.41 

- 92. 49 

- 94 . 64 

- 28 . 57 

Weight of ovaries - - 

+ 112. 16 

+ 184. 53 

+ 34. 11 

+ 18. 54 

+ 30. 90 

+ 10. 43 

Weight of li ver - 

+ 82. 90 

+ 75. 18 

- 4.22 

+ 1 . 59 

- 20 . 63 

- 21.87 

Weight of spleen 

+ 50. 74 

+ 49. 70 

-.69 

- 15.78 

- 31 . 26 

- 18. 38 

Weight of pancreas 

+ 162.39 

+ 78.45 

- 31. 99 

+ 45. 19 

- 19 . 22 

- 44. 37 

Length of small intestine - 

+ 39. 54 

+ 23.93 

- 11. 19 

- 23 . 70 

- 44 . 54 

- 27. 31 

Length of large intestine 

+ 48. 37 

+ 38. 21 

- 6.85 

- 18. 18 

- 37 , 69 

- 23 . 85 

Total length of intestines 

+ 41 . 39 

+ 26.93 

- 10. 23 

- 22 . 55 

- 43. 11 

- 26 . 55 

Weight of small intestine 

+ 11. 12 

- 15. 86 

- 24.35 

- 39. 49 

- 62 . 42 

- 37 . 89 

Weight of large intestine 


- 9. 20 

- 21.64 

- 13. 70 

- 49. 66 

- 64 . 63 

- 29.73 

Total weight of intestines, 


+ 1 . 24 

- 18.69 

- 19.68 

- 44 . 59 

- 63 . 61 

- 34 . 32 

Weight of paunch 

+ 70. 50 

+ 22.84 

- 27.95 

- 5. 49 

- 44 . 51 

- 41 . 28 

Weight of reticulum 

+ 56. 00 

+ 42. 50 

- 8. 65 

- 13 . 33 

— 36 . 67 

- 26 . 92 

Weight of omasum 

+ 55 . 59 

+ 19.89 

- 22. 94 

- 14. 55 

- 45 . 45 

- 36. 17 

Weight of abomasum 


+ 3.28 

+ 19.95 

+ 16. 14 

- 45. 16 

- 48 . 39 

- 5.88 

Total weight of stomachs 

+ 54. 51 

+ 23. 04 

- 20. 37 

- 15. 36 

- 44 . 79 

- 34 . 77 

Total weight of abdominal fat 

+ 410. 43 

+ 599. 44 

+ 37. 03 

+ 207 . 51 

+ 241 . 04 

+ 10.90 

Weight of pluck 

+ 121. 03 

+ 106.39 

- 6 . 62 

+ 22 . 28 

- 6 . 74 

- 23.73 

Weight of right lung 

+ 79.58 

+ 10.92 

- 38. 24 

-.00 

- 51. 16 

- 51. 16 

Weight of left lung 

+ 72.81 

+ 24.42 

- 28.00 

- 6 . 06 

- 45. 45 

- 41 . 94 

Total weight of lungs 

+ 76.65 

+ 16.77 

- 33. 90 

- 2 . 63 

- 47 . 37 

- 45. 95 

Weight of heart, auricles attached 

+ 103. 57 

+ 70.63 

- 16. 18 

+ 13. 16 

- 23 . 68 

- 32 . 66 

Circumference of heart (base) — 

+ 27. 78 

+ 26.05 

- 1.35 

- 29 . 32 

- 43. 16 

- 19.58 

Circumference of heart (apex 1 ) 

+ 27.95 

+ 17.46 

- 8.20 

- 29 . 47 

- 47 . 02 

- 24. 89 

Circumference of heart (apex 2 ) 

+ 29.85 

+ 16. 60 

- 10.20 

- 28 . 55 

- 47. 54 

- 26. 57 

Weight of heart, auricles removed 

+ 103. 06 

+ 70.31 

- 16. 13 

+ 14. 71 

- 23 . 63 

- 33. 33 

Total weight of thoracic fat 

+ 288.89 

+ 322. 71 

+ 8, 70 

+ 134. 48 

+ 103. 45 

- 13.24 

Weight of kidneys 

+ 79. 22 

+ 160.00 

+ 45. 08 

- 1.73 

+ 16. 70 

+ 18. 75 

Weight of adrenals 

+ 63. 87 

+ 211,48 

+ 90.08 

- 12 . 59 

+ 36. 01 

+ 55. 60 

Weight of dressed. car©iss 

- 4 - 84. 48 



+ 3. 32 



Depth of thoracic cavity: 







At first, thoranifi vp.rtehra 


- 25. 59 



— 31 . 28 



At second thoracic vertebra 


1 - 13.58 



— 38 . 55 



At third thoracic vertebra 

-1 

[- 21.69 



— 34. 13 



At fourth thoracic vertebra 

J 

[- 22. 75 



- 33 . 47 



At fifth thoracic vertebra 


[- 19. 99 



— 35. 00 



At sixth thoracic vertebra - , . 

■ 

1 - 19, 78 



— 35. 44 



At seventh thoracic vertebra 


hl 9. 19 



- 35. 65 



At eighth thoracic vertebra 


hl 9. 68 



— 35. 44 



At ninth thoracic vertebra. 

H 

[- 19,96 



— 35 . 49 



At tenth thoracic vertebra 

H 

hl 7. 29 



— 37.23 



At eleventh thoracic vertebra 

2 

[- 16. 35 



— 37. 86 



At twelfth thoracic vertebra 


[- 22.91 



— 35. 06 



. At thirteenth thoracic vertebra 


— 9.60 



- 54.24 



Maximum length of thoracic cavity 

-+- 19 . 78 



— 34. 87 



Width of thoracic cavity: 








At first rib, - 

+ 20. 10 



- 34. 88 



At second rib 

+ 17. 48 



— 36 . 59 



At third rib 

+ 18. 49 



— 36. 11 



At fourth rib. 

- f 20.10 



— 35. 25 



At fifth rib 

- 4 - 22.07 



— 33. 92 



At sixth, rib - 

+ 24. 81 



— 32. 42 



■At seventh rib 

+ 24.88 



— 31. 91 



.At eighth rib,,.-. ; 

- i - 25.04 



- 31.65 



■ At ninth .rib : 

+ 25.63 



— 31. 04 



.Diameter of trachea outside fifth ring 

+ 13. 62 



- 48. 10 



Diameter of trachea inside fifth ring 

+ 19 . 58 



— 45. 16 



Arm of trachea inside fifth ring. 

4 - 25 . 74 



— 42. 69 



Diameter of trachea outside fourth ring. .. 

- 4 - 20.00 



- 43.06 



Diameter of trachea inside fourth ring 

- 4 - 24.69 



— 40. 35 



Area of trachea inside fourth ring. ... 

+ 41.76 



— 34. 39 
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PERCENTAGE DIFFERENCE IN ACTUAL UNITS OF WEIGHT OR MEASUREMENT 

The percentages in table 9 indicate that on the basis of actual units, 
the Holsteins exceeded the Herefords by more than 100 percent in 
nine items, the greatest differences being, in order of magnitude, 
weights of total. abdominal fat, total thoracic fat, pancreas, thyroid, 
udder, pluck/ ovaries, and the two w^eights of the heart. The only 
items differing by less than 10 percent are weights of total intestine, 
abomasum, and large intestine, and one of the depths of the thoracic 
cavity. 

The Aberdeen Angus exceeded the Herefords by more than 100 
percent for nine items. Three of these (the weights of total abdominal 
fat, total thoracic fat, and the udder) were above 300 percent. In 
this connection an extremely fatty condition of the udder is noted, 
indicating that the greatest differences are in the parts made up 
chiefly of body fat. Two others (the weights of thyroid and of 
adrenals) were" above 200 percent, suggesting a marked" difference in 
some of the endocrine glands. The other four in the order of magni- 
tude are weights of ovaries, Iddneys, empty body, and pluck. Deposi- 
tion of fat could have been at least partly responsible for the high 
percentage of each of these nine items, except for the w^eight of ovaries. 
None of the items in tliis comparison had a percentage below IQ per- 
cent. Of the five smallest percentages, which ranged from 10.92 for 
weight of right lung to 17.46 for circumference of heart, four were for 
weights or measurements of organs of circulation and respiration. 

When the Aberdeen Angus is compared with the Holsteins the 
differences are much less marked. In no case is the difference as 
much as 100 percent. The four highest percentages, all of which 
show excesses for the Aberdeen Angus, range from 90.08 to 44.84 and 
include in the order of their magnitude the weights of adrenals, udder, 
kidneys, and thyroid. On the other hand nine items differ by less 
than 10 percent and only two of them are greater for the Aberdeen 
Angus than for the Holsteins. 

In comparing the Aberdeen Angus cow with cows of the other 
breeds — especially the Herefords — the extreme differences in condi- 
tion of flesh should be kept in mind. Undoubtedly these differences 
in flesh are responsible for some of the differences found in both the 
ante-mortem and post-mortem data. 

PERCENTAGE DIFFERENCES IN UNITS OP WEIGHT OR MEASUREMENT PER 100 
POUNDS OF EMPTY BODY WEIGHT 

When the comparison of breeds was made on the basis of units per 
100 pounds of empty body weight, the Holsteins differed from the 
Herefords by as much as 100 percent only for weight of abdominal 
and thoracic fats. Both were greater for the Holsteins than for the 
Herefords. For nine items the difference was less than 10 percent. 
Of these, six wmre greater for the Herefords. Values that were lower 
for Holsteins than for Herefords on the basis of actual units became 
even lower on this basis, and those that were positive on the actual 
unit basis show’^ed either lower positive or negative values when com- 
pared on the basis of empty body weight. The effect of degree of 
fleshing^ on the empty body weight may have been to some extent 
responsible for these differences between the two bases of comparison. 

< In this study the word “piuck*’ refers to the tiasepamted contents of the thoracic cavity as removed in 
staagMerihg. ■ ■ ■ 
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A coiiiparisoii of the Aberdeen Angus mtli the Herefords shows only 
three items (weight of abdominal and thoracic fats and the udder) 
differing by more than 100 percent/ all of which are lower for the 
Herefords than for the Aberdeen Angus. Only one item (the weight 
of pluck) differs by less than 10 percent. As in comparing the Hol- 
steins Wth the Herefords, all items that w^ere positiYe on the basis of 
actual units became either lower positive or negative, and those that 
were negative became negative to an even greater degree. ^ Deposition 
of fat, or flesliing, seems to have been chiefly responsible for the 
differences shown by the twm methods of comparison. 

A comparison of the Aberdeen Angus mth the Holsteins shows that 
no item of measurement differs by as much as 60 percent, only two 
differ by more than 50 percent, and only two differ by less than 10 
percent. The relation between the values based on actual units and 
those based on units per 100 pounds of empty body weight in tliis 
breed comparison is similar to that showm in the other breed com- 
parisons and the same factors are probably responsible. 

PERCENTAGE DIFFERENCES IN GROUPS OP ITEMS COMBINED ON THE BASIS OP 
ANATOMY AND FUNCTION 

To obtain an idea of the extent to which differences in anatomy are 
associated with the functions of the organs and body parts, the items 
in table 9 were divided into seven groups as follows: (1) The body- 
size group (skeletal and muscular), which includes the live weight, 
empty body weight, weight of hide and dressed carcass, and the 
carcass measurements; (2) the nervous-system group, which includes 
the weight of brain; (3) the circulation and respiration group, which 
includes vreiglit of blood, pluck, lungs, and heart, and the measure- 
ments of the heart and trachea; (4) the digestion group, which includes 
the weight of liver, pancreas, intesthies and stomachs, and the intes- 
tine measurements; (5) the urogenital group, which inclades the 
weight of udder, genital organs, ovaries, and kidneys; (6) the endo- 
crine gland group, which includes the weight of the thyroid, pituitary 
body, spleen, and adrenals; and (7) the visceral fats group, winch 
includes the abdominal and thoracic fats. 

The average of the differences expressed in percentage for the items 
in each group and for each breed comparison, was determined first 
with the plus and minus signs disregarded, and second vith tlie plus 
and minus signs considered. The averages are given in table 10. 

The organs and parts of the Holsteins and the Aberdeen Angus were 
actually of greater magnitude than those of the Herefords for all 
groups, whereas those of the Aberdeen Angus were smaller than those 
of the Holsteins in the circulation and respiration and the digestion 
groups. However, on the basis of units per 100 pounds of empty 
body weight, wliich measures the proportion of the different organs 
and parts to the total animal structure, the values were greater for the 
Herefords than for the Holsteins in all except the endocrine gland and 
visceral fats groups; greater for the Herefords than for the Aberdeen 
Angus in all except the urogenital, the endocrine gland, and the visceral 
fats groups; and greater for the Aberdeen Angus than for the Holsteins 
only in the urogenital and endocrine gland groups. The effect of 
greater fleshing is clearly shown by these results, for as the total 
animal structure becomes greater as a result of heavier fleshing, the 
organs and parts become proportionately smaller. The only group 
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of items wMcli coBsistently overcame this factor and became greater 
for Holsteiiis than for Herefords, and greater for Aberdeen Angus than 
for either Herefords or Holsteins was the one which included, the 
endocrine glands. 

UBDER GHx4.RACTERISTICS AS JUDGED BY ANTE-MORTEM 
EXAMINATION 

Ante-mortem examinations of the udders of the cows used in this 
study were made in accordance with the general plan adopted by the 
Bureau of Dairy Industry for studying the udders of the animals in 
the breeding herd at Beltsville, Md.^ As explained in a previous 
publication (10)^ evaluation of the different items that cannot be 
definitely measured is accomplished by assigning grades ranging from 
1 to 9. In each case a grade of 9 indicates the maximum of the charac- 
teristic under consideration but does not necessarily signify excellence. 
In some cases a grade is followed by a plus or a minus sign indicating 
that the item rates slightly above or below the grade given. 

The terms used to describe the udder characteristics compared in 
this study are defined as follows: 

Looseness of udder — the extent to which its covering can be stretched. 

Compressibility of udder — the degree to which the udder as a whole responds to 
pressure. 

Abundance of swelling — abundance of congestion resulting from injury, infec- 
tion, or incidental to parturition. 

Abundance of “make-up'^ — ^abundance of the substance often present in the 
udder before parturition and remaining in varying degrees and for varying periods 
thereafter. 

Abundance of gland tissue — quantity of gland tissue in the udder, considering 
breed and size of animal, stage of lactation, and other factors. 

Length of halves — the distance between the anterior and posterior attachments 
of the gland tissue. 

Width of halves — the width of each half above the teats. 

Depth of halves — the distance from the abdominal wall to the lowest extremity 
of the gland tissue. 

Nearness to surface — freedom both of deposits of fat around the gland tissue, 
and of congestion incidental to parturition. 

Distinctness of outline — ease with which the outlines and boundaries of the 
gland tissue can be determined. 

Compressibility of gland tissue — the degree to which it responds to pressure. 

Mellowness of gland tissue—the degree to which it responds to kneading. 

Abundance of fiber — the extent to which the gland tissue i.s corrugated on the 
surface, or composed of ropelike strands of tissue. 

Coarseness of fiber — -the size of the corrugations or strands. 

Harshness of fiber — the resistance or harshness of the corrugations or strands. 

Stringiness of fiber — the looseness with which the ropelike strands of fiber are 
held together. In a stringy udder the tissue is compressible and sometimes mel- 
low; in one which is fibrous but not stringy the tissue usually is firm, full, and 
appears corrugated on the surface. 

Openness of cistems—the size of the openings between the teat canals and 
the cisterns,' ; 

Tree space— the distance above the base of the teat which can readily be 
com'pressed without marked resistance.. ■ 

Udder veins— the abundanee of veining on the surface of the udder. 

Abdominal veins- — the abundance of veining on the surface of the abdomen 
(milk veins,;. 

Milk wells- — the size of the openings in the abdominal wall through which the 
:^%bdoniinal” veins pass..'. 

The data representing the different udder characteristics are 
given in..'table 11'. ;' ' ' 
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Table 11 .— characteristics (ante-mortem) of the animals iised in the 

experiment 


Item 

Basis of 
evaluation 

Herefords 

Holsteins 

Aber- 

deen 

An- 

gus 

Group 1 (dairy manage- 
ment) 

Group 2 (beef 
management) 

H-2 

H-5 

H-6 

H-16 

H-1 

H-4 

H-17 

No. 

295) 

No. 

827 

A-300 

Looseness of udder 

Grade 

5 

6 

6 

4 

4 

4 

5 

9 

6 

8 

Yieldability of udder 

...do 

7 

7 

7 

7 

7 

7 

6 

8 

9 

7 

Abundance of swelling 

...do- 

1— 

1- 

1 

1 

1- 

1 

1 

1- 



Abundance of * ‘make-up”. 

---do 

1 

1 

1 

1- 

1 

1- 

4 

1 

1- 


Abundance of gland tissue. 

...do 

1+ 

2 

1 

2 

2 

1- 

3 

3 

2- 

5 


Inches. .. 

6.00 

4.60 

5,60 

8.00 

5. 00 

4.00 

9.00 
















Width of halves: 













._,c1o 

1.00 

LOO 

1.00 

1.25 

1.25 

1.00 

2.00 





...do 

1.25 

1.00 

1.00 

1.25 

1.25 

1.00 

2.00 
















Average . 

...do 

1. 13 

1.00 

1.00 

1.25 

1.25 

1.00 

2.00 
















Depth of halves. 

Grndfi. 

2 

4 

2 

4 

2 

1 

3 




Nearness to surface 

...do.. 

5 

7 

6 

5 

7 

4 

4 

6 

8 

4 

Distinctness of outline 

...do 

5 

7 

5 

5 

7 

3 

4, 

7 

8 

5 

Compressibility of gland 

...do 

5 

6 

4 

6 

5 

5 

4 

8 

8 

4 

tissue. 












Mellowness of gland tissue. 

...do - 

5 

6 

4 

6 

5 

5 

4 

8 

7 

4 

Abundance of fiber. 

|-..do ... 

6 

6 

5 

5 

i 

5 

5 

6 

6 

4 

Coarseness of fiber 

...do - 

5 

6 

5 

5 

6 

5 

5 

4 

5 

6 

Harshness of fiber ' 

...do 

6 

6 

5 

4 

6 

6 

5 

5 

5 


Stringiness of fiber 

...do.....-- 

4 

4 

3 

4 

4 

5 

4 

4 

3 

5 

Openness of cisterns; 












Left front quarter 

.. .do 

1 

1 

1 

1 

5 

1 

2 


3 


Right front quarter 

...do i 

1 

1 

1 

1 

5 

1 

2 


3 


Left rear quarter 

...do 

3 

1 

1 

2 

i 1 

i ' 1 

6 


6 


Right rear quarter 

...do 

2 

1 

2 I 

2 

[ 2 

1 

7 


6- 


Average 

...do 

1. 75 

1,00 

1.25 

1.50 

3,25 

1.00 

4.25 


4.00 


Free spaw: 












Left front quarter 

Inches 

3.25 

3.50 

3.50 

4.25 

3.75 

3.25 

3. 50 

4. 50 

4.75 

3.25 

Right front quarter 

-_.do 

3.50 

3.50 

3. 50 

4.25 

|3. 75' 

3,25 

3.50 

4.50 

;4. 75 

3.00 

Left rear quarter 

--.do 

3.25 

3.50 

|3.25 

4.50 

3. 75 

3.25 

3. 50 

4.25 

14.75 

6.00 

Right rear quarter 

...do 

3.00 

3.50 

[3.25 

4.25 

4.25 

3.25 

3. 50 

.L 50 

14.75 

5.00 

Average... 

...do 

3.25 

3.50 

3.38 

4.31 

3.88 

3.25 

3.50 

4. 44 

4.75 

4.06 

Udder' veins: 












Right 

Gradfi. 

1 

1 

1 

2 

1 

2 

2 

5 

3 

1— 

Left 

...do 

1 

1 

1 

2 

1 

2 

2 

4 ' 

2 

1- 

Abdom,inaI veins: 











Right 

^dO— 

1 

2 

2 

3 

3 

3 

4 

6 

5 

1— 

Left 

...do 

3 

3 

1 

2 

3 

3 

4 

7 


1—' 

Milk wells: 












Right. 

do— . 

1 

2 

1 

. 2 

2 

1 

2 

7 

' 3— 

1 

Left 

...do.— '.1 

2 

i 

1- 

2 

i 

1 

2 


3 

6 


^ Tiie estimates on the Yarious udder characteristics, as giT'en in 
table 11, were made on all the animals while they were dry and shortly 
before they were slaughtered. The length of time the indiYidiial 
animals had been dry varied greatly. 

In the estimates of those udder characteristics that are associated 
with “qiialitv of udder'^ (i. e., looseness of udder, yieldability of udder, 
compressibility of gland tissue, mellowness of gland tissue, stringiness 
of fiber, and free space), there was no great difference between the two 
groups of Herefords. The two Holstein cows averaged considerably 
higher than the Herefords for most of these items, although for some 
items individual Herefords were graded as high as the Holsteins. The 
Aberdeen Angus cow was close to the average of the Herefords for 
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most of these items. For looseness of udder and striiiginess of fiber, 
however, she was given a higher ^rating than the Holsteins. 

In those characteristics that might be termed antagonistic to quality 
of udder (such as abundance, coarseness, and harshness of fiber) 
there was no great difference on the average between the gi^ades for 
the two groups of Herefords, the Holsteins, and the Aberdeen. Angus. 

The greatest and most consistent differences between the Holsteins 
and the Herefords and the Aberdeen Angus were in the abdominal 
veins, milk wells, and udder veins, for which the Holsteins were 
definitely superior. This may be to some extent indicative of the 
greater blood flow from the udder. 

Although the grades for quality of udder are shown to be greater 
for the Holsteins than for the Herefords or the Aberdeen Angus, the 
differences do not approach the great difference in producing capacity 
that actually existed betw^een the Holsteins and the Herefords, and 
that presumably also existed between the Holsteins and tlie-Aberdeen 
Angus. 

POST-MORTEM STUDIES OF THE UDDER 

SIZE AND CAPACITY 

The method of studying the udder after its amputation was de- 
scribed in considerable detail in a previous publication (10). Size of 
udder refers to its empty weight. Capacity of udder is the quantity 
of formalin held by the secretory system of the udder expressed in 
terms of equivalent weight of milk. The relation of capacity to weight 
of udder, expressed as a percentage, is obtained by dividing the 
capacity by the empty weight and multiplying the result by 100. 
It is a measure of the fluid-holding capacity of the secretory systeni 
per unit of udder weight. Data for size, capacity, and relation of 
capacity to ’weight, for the Herefords, the Holsteins, and the Aberdeen 
Angus are given in table 12. 

In empty weight of udder the two groups of Herefords differed but 
slightly, group 2 being only 2.30 percent greater than group 1; the 
Holsteins averaged 160.16 percent greater than the Herefords; the 
Aberdeen Angus was 336,08 percent greater than the Herefords and 
67.62 percent greater than the Holsteins. 

Incapacity of udder the Herefords in group 2 averaged 53.32 percent 
greater than those in group 1; the Holsteins averaged 520.33 percent 
greater than all the Herefords; and 359.78 percent greater than the 
Aberdeen Angus; the Aberdeen Angus averaged 34.92 percent greater 
than the Herefords. 

For the values representing the relation of capacity to weight of 
udder, the Herefords in group 2 averaged 74.86 percent higher than 
those in group 1 ; the Holsteins average 130.12 percent higher than the 
Herefords; the Aberdeen Angus was 69.96 percent lower than the 
Herefords, and 86.95 percent lower than the Holsteins. 

It has been found (4, Rept. lOSB, p. 7) that the capacity of lactating 
udders is considerably greater than that of iionlactating udders. All 
the cows in tliis study were nonlactating, but the period of time since 
being dried off varied to some extent. It is not at all unlikely that the 
prolonged inactivity of the Aberdeen Angus may have resulted in a 
greater deposition of fat around the gland, which would reduce the 
value for relation of capacity to weight of udder even though the 
capacity itself might not have been greatly affected. It might appear 




Vertical transverse sections through rear quarter of each of the 10 udders studied, reduced to same scale to show comparative size. In some a large proportion of the area 

consists of body fat ratoer than glandular tissue. 
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Photomicrographs of tissue from the udder of H-2, 
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Plate 4 
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Photomicrographs of tissue from the udder of 
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PLATE 6 




Photomicrograpb of tissue from, the udder of S-fi. 
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PLATE 8 
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Plate 9 





Fhotomicrographs of tissue from the udder of H-lfi. 
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Vertical transverse section through a rear quarter of the udder of H-l^ 





Pbotomiorographs of tissue from the udder of H-1: Functioning tissue from the upper portion of the 
front quarter; B, nonfunctioning tissue from the lower portion of the rear quarter. 
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PLATE 12 
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Photomicrograph of tissue from the udder of H-4. 
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Photomicrograph of tissue from the udder of H-17. 
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Plate 16 



Vertical transverse section throi^h a rear qnarter of the udder of Holstein cow no. 299. 
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Photomicrograph of tissue from the udder of Holstein cow no, 299. 
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Plate 18 
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Photomicrograph of tissue from the udder of Holstein 
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Plate 20 
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Plate 21 




Table 12 .— and capacity of udder of HerefordSy HolsteinSy and Aberdeen Angus 
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at first that the comparatiyely high value for relation of capacity to 
weight of udder in the case of H-1 was to some extent the result of 
having nursed a calf until a short time before she was slaiighterecl. 
However, among the other Herefords the duration of the dry period 
did not differ greatly, and ’was nearly the same for H-5, H-16, and 
H-l, yet the capacity and relation of capacity to weight of udder for 
these three animals differed greatly. The dry periods of the Holsteins 
also varied from 22 days to more than 7 months, but their ratios of 
capacity to weight of udder were similar. Apparently variations in 
the duration of gland inactivity are at least only partly responsible for 
the differences in udder capacity or for the relation of capacity to 
weight of udder shown in this study, unless it be in the case of the 
Aberdeen Angus. 

The fluid-holding capacity of the udder per unit of weight is con- 
sistently low for the beef cows studied, indicating that these udders 
contain a low quantity of secreting tissue in proportion to fat or 
connective tissue. 

The number of animals is not sufficiently large to warrant the cal- 
culation of correlation coefficients but there appears to be a high posi- 
tive relationship between empty w^eight, capacity, and ratio of capacity 
to weight of udder and milk production, except where the differences 
in production are so small as to be of no importance. In other words, 
there is a high positive correlation if the Holsteins, the highest pro- 
ducing Hereford, and the three lowest producing Herefords are con- 
sidered as separate^ groups, but little if any correlation among the 
three lowest producing individual Herefords. 

In view of the fact that the Holsteins produced 2,461 percent more 
milk and 1,681 percent more butterfat than the Herefords in group 1, 
the 163 percent greater empty weight of the Holstein udders, the 661 
percent greater capacity of their udders, and the 204 percent greater 
capacity to weight ratio of their udders seem relatively small differ- 
ences. These differences in udder size and capacity, however, were 
much more significant of the difference in producing capacity between 
the breeds than any of the udder characteristics studied on the live 
animals. This is in accordance with the results obtained in the study 
(10) of quality, size, capacity, gross anatomy, and histology of cow 
udders in relation to milk production in 1 1 registered and grade cows of 
dairy breeds, which showed that the only significant correlations 
between udder characteristics and producing capacity were for size and 
capacitv of udder. 

GROSS ANATOMY 

The method of preparing and sectioning udders in making a com - 
parative study of their gross anatomy was described in a previous 
publication ( 4 , Rept, 1929 j p, 8), In each case the right half of the 
udder was used in measuring capacity, and subsequently frozen, 
sectioned, and photographed. The left half was used for histological 
studies. The comparative size of the 10 udders used in this study is 
illustrated in plate 1, wdiich shows a vertical transverse section through 
a rear quarter of each udder, all reduced to the same scale. Plates 
2 , 4, 6, 8, 10 , 12 , 14 , 16 , 18 , and 20 showin greater detail the appearance 
of the gross anatomy of a vertical transverse section through a rear 
quarter, for the seven Herefords, the two Holsteins, and the Aberdeen 
Angus. A brief description of the gross anatomy is given under a 
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general discussion of the performance and udder characteristics of 
each COW. 

HISTOLOGY 5 

The comparative histology of the tissues from the udders of the 
cows was studied according to the method described in a previous 
publication {10), The results obtained are reported as a part of the 
general discussion of the performance and udder characteristics of the 
individual cows. The histological appearance of the tissue from 
each udder is shown in plates 3, 5, 7, 9, 11, 13, 15, 17, 19, and 21. 

UDDER CHARACTERISTICS AND PERFORMANCE OF EACH COW 

HEREFORD COW H-2 

Hereford cow H-2 was kept in the dairy herd and milked twice 
daily through one lactation period. Her total production for the 
entire lactation period of 153 days was only 126.00 pounds of milk 
and 6.52 pounds of butterfat. She had been dry for 3 months 12 
days and pregnant for 157 days when slaughtered. The fetus weighed 
3,561 grams (7.85 pounds). Ante-mortem examination showed 
that her udder, though extremely retarded in development and lacking 
in gland tissue, was of fair quality, and was more than medium in 
abundance of fiber; the openings from the teat canal to the cisterns 
were on the average very small and the free space was comparatively 
low. The udder was relatively low in weight, next to the lowest in 
capacity, and next to the lowest in relation of capacity to weight of 
udder. 

Gross anatomy (pi. 2). — The gland tissue was very scanty, and 
limited to only a small proportion of the area of the sections. The 
sections through or close to the teats appeared to contain about one- 
third gland tissue ; those near the front and rear of the udder contained 
little or none. The greater part of every section consisted of what 
appeared to be fat. The gland tissue was comparatively open in 
structure with a small but well circumscribed cistern. The openings 
to the cisterns were comparatively small. The ducts were well 
distributed and of medium size. Very little visible connective tissue 
was observed. The gland tissue was of medium firmness and the fat 
was very firm. 

Histology, — Because of the extremely fatty condition of this udder, 
sections for histological study could be obtained only from areas in 
the lower portions of the front and rear quarters. This gland was 
found to be in the complete resting state with the exception of a few 
lobules here and there which show’ed some activity. This udder 
showed a rather heavy fibrous framework, and interlobular fat de- 
posits were noted in the different areas examined. The areas illus- 
trated in plate 3 were taken from a point near the base of the left rear 
quarter. 

General —There is no record of this cow having had any udder 
disturbance requiring treatment. The ante-mortem observations 
relative to abundance of fi.ber or connective tissue are supported by 
the histological findings, though the connective tissue is not readily 
visible in the gross sections. Liberal production could not be ex- 
pected from an udder having the limited quantity of gland tissue 
indicated by the section illustrated. 

5 The histological studies were made by G. T. Creech, Pathological DivisioB, Bureau of Aniinal Industry, 
U. S. Department of Agriculture. 
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HEREFORD COW H-5 

Hereford cow H-5 was kept in the dairy herd and milked twice 
daih" through a lactation period wliich continued for 202 days and 
yielded a total of 255.4 pounds of milk and 9.86 pounds of butterfat. 
She had been dry for 1 month 9 da 3 ^s and pregnant for 73 da^^s when 
slaughtered. The fetus weighed 46 grams. Her udder was above the 
average in cjuaiit}^ jet extremeH retarded in development and 
deficient in quantity' of gland tissue. Ante-mortem examination 
indicated more than an average quantity of fiber, extremely small 
openings to the cisterns, and comparatively low free space. This 
udder was third from the lowest in empty' weight and in capacity, and 
fourth from the lowest in relation of capacity^ to weight. 

^ Gross anatomy (pi. 4). — Though the udder was veiy small, it con- 
sisted almost entirely of gland tissue with onty small areas of fat in 
any of the sections except those at the extreme rear. In the rear 
quarter, especially- in the lower half, the tissue was distinctly porous, 
and the cistern was of good size and somewhat divided. In the front 
quarter the cistern was not distinctly circumscribed but consisted of a 
honeymomb mass of ducts covering a relatively large part of the area 
above the teat. The opening between the teat and the cistern was of 
good size in the rear quarter and even larger in the front quarter. The 
amount of visible connective tissue was not great and it was compara- 
tively finely divided. Both the gland tissue and the fat were firm at 
the time the sections w-ere photographed. 

Histology . — The histological examination showed this udder to be 
in the resting state. ^ Sections were obtained from only three locations. 
Areas of round cell infiltration w-ere noted in this gland, and in certain 
areas there appeared to be some increase in the interlobular and intra- 
lobular connective tissue. Large areas of fat as well as smaller inter- 
lobular fat deposits were observed in this udder. The areas illustrated 
in plate 5 were taken from a point in the upper portion of the left rear 
quarter. 

General— Utiem is no record of this cow having had any udder 
disturbances requiring treatment. The ante-mortem observations 
indicated a greater quantity of fiber than was observed in tlie gross 
anatomy sections. Though excessive fat deposition was not indicated 
by ante-mortem examination or by the gross sections tlie lustological 
studies indicated that considerable deposition had taken place. 
Though the proportion of gland tissue to fat was high, the quantity of 
gland tissue was so small that liberal production of milk could hardly 
have been possible. 

HEREFORD cow H-6 

Hereford cow^ H-6 was kept in The dairy herd and milked twice 
daily7 through a lactation period which, “with much difficulty, was kept 
active for 159 days, and which resulted in a total yield of only 80.6 
pounds of milk and 3.73 pounds of butterfat— an average daily milk 
production of 0.51 pound. Tliis is the poorest production for any^ 
cow in tMs group. She had been dry for 3 months 14 days and 
pregnant for 9 1 days when slaugh tered. The fetus weighed 1 92 grams, 
llie udder was one of the lovrest in quality in this group. It was 
extremely retarded m development, and very deficient in quantity of 
gianci tissue. Ihe fiber ywas of average abundance, the openings to 
cisterns were veiy small, and the free space was comparatively low 
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The udder was fourth from the lowest in empty weight and in capacit}?-, 
and fifth from the lowest in relation of capacity to weight. 

Gross anatomy (pL 6). — The gland tissue in this udder could not 
readity be distinguished from the fat. There was a layer of fi,rm fat 
across the upper surface, but the rest was soft and lacking in outline 
pattern and color differentiation. Incomplete freehng of the udder 
when sectioned may have resulted in a tendency for the saw to tear 
the tissue, leaving the surface rough, but it could not have been en- 
tirely responsible for the lack of differentiation in color in the gross 
sections of this udder. Apparently the gland tissue was limited in 
quantity and interspersed with fat. The cisterns in both front and 
rear quarters were small, round, and tubular, and little more than 
continuations of the teat canal, though the cistern in the rear quarter 
was somewhat divided at its upper extremity. The openings from 
the teat canal to the cistern in both front and rear quarters were much 
larger than the ante-mortem grades would indicate. Aside from a 
small area in the immediate vicinity of the cisterns, the tissue was 
dense and almost devoid of visible ducts. An unusally large quantity 
of visible connective tissue -was present, although only an average 
quantity w^'as indicated by the ante-mortem examination. 

Histology , — Tliis udder was small and very fat; conseciuently sec- 
tions were obtained only from areas in the lower part of the front and 
rear quarters. Tliis gland was in the resting state and showed little 
deviation from the normal, other than the large amount of fat which 
appeared, not only as interlobular deposits, but as ratlier large areas 
of fat here and there, in places ordinarily occupied by normal gland 
tissue. The area illustrated in plate 7 was taken from near the center 
of the left front quarter. 

General . — Both the gross anatomical and histological studies indi- 
cate a marked lack of secretory tissue and an excess of fat, though the 
fatty condition was not noted at the time of ante-mortem examination. 
As shown in table 4, tliis cow was milked until she was producing an 
average of only 0.17 pound of milk daily. The average production 
for the first 10 days in milk was only 1.34 pounds, and the highest for 
any one day in the lactation period was only 2.4 pounds. Again it 
appears that failure to function was due to extreme deficiency in 
secretory tissue in the udder. 

HEREFORD COW H~16 

Hereford cow H~16 wars kept in the dairy herd and milked twice 
daily through a lactation period wliich continued for 329 days and 
yielded 1,767.8 pounds of milk and 90.52 pounds of butterfat. Her 
production and persistency were far superior to those of any of the 
other Herefords for which production records wmre obtained. She 
had been dry for 26 clays ancl pregnant for 223 days wdien slaughtered. 
The fetus weighed 17,464 grams (38.5 pounds). Ante-mortem exami- 
nation showed that her udder was near the average for the group in 
quality, the fiber wms of medium abundance, the openings to the cis- 
terns were very small, and the free space was high. Though this 
udder was small and very deficient in gland tissiie when compared 
with those of dairy cows, it exceeded in dimensions that of any other 
Hereford in the dairy herd. The empty wmght of udder was higher 
than that of the other Herefords having production records, but ranked 
fifth f mm the highest in the entire group of cows compared in this 
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Study. Tlie udder was fourth from the highest in the entire group in 
capacitTj and in rela tion of capacity to weight of udder. 

Gross wnMoin/y (pi. 8).— Though the quantity of gland tissue was 
greater than that of any of the other Herefords in the dairy herd, it 
occupied only about one-half to two-thirds of the area ot sections 
through the teats and very little or none in sections from other parts 
of the udder. The outline of the gland tissue, however, was distinct 
and readily distinguishable from the areas of fat above and around it. 
The cistern in the rear quarter was small, divided, and appeared to be 
a contmuation of the teat canal; the one in the front quarter was 
similar except that it was more tubular and less divided. The tissue 
was fairly firm and inclined to be dense except in areas close^ to the 
cisterns. The sections contained comparatively large quantities of 
visible connective tissue wliich was uniformly distributed, although 
the ante-mortem examination indicated only an average quantity of 
fiber. The areas of fat were of moderate firmness. The openings 
from the teat canals to the cisterns were considerably larger than the 
ante-niortem grades would indicate, and the cisterns were smaller 
than the grades for free space would suggest. 

Histology . — This was a small, fatty udder. Owing to the large 
amount of fat present it was possible to section only an area from the 
lower portion of the rear quarter for histological study. The gland 
was found to be in the resting state. There was a limited amount of 
round cell and leucocytic infiltration. The areas sectioned and illus- 
trated in plate 9 showed a considerable amount of fat, both inter- 
lobular and in areas ordinarily occupied by gland lobules, and w^ere 
taken from a point near the base of the left rear quarter. 

General . — This cow was somewhat older, larger, and better developed 
than the others already discussed. Although her udder was described 
as small and deficient in gland tissue, its development and its capacity 
for production were superior to those of the other three Herefords 
kept in the dairy herd. 

HEREFORD COW H-1 

Hereford cow H-1 was kept in the beef herd and allowed to nurse 
her calf from December 14, 1928, until late in May 1929, She was 
not pregnant when slaughtered. Though the udder was very small 
and veiy deficient in glandular development it was about medium 
in quality. According to ante-mortem observations the fiber was 
abundant, and above medium in coarseness and harshness ; the open- 
ings froni teat canal to cisterns were variable, being graded as medium 
in the right front and very small in the right rear quarter; and the free 
space was about average. In empty weight this udder was the small- 
est in the entire group, in capacity it was fifth from the highest, and 
in relation of capacity to weight of udder it was higher than for any 
other cow in any of the breeds compared in this study. 

Gross anatomy (pi. 10). — Though the udder was the smallest in the 
group it was made up almost entirely of gland tissue. There weie 
practically no visible areas of fat in any of the sections except those 
at the extreme rear of the udder. This is in agreement with the high 
grade for ^fiearness to suifaee^^ (table 11). The udder was not com- 
pletely frozen when sectioned, but the cuts were fairly clean and the 
surfaces of the sections were smooth. In the front quarter the cistern 
was of medium size, definitely circumscribed, and the opening into it 
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from tlie teat canal was large. In the rear quarter the cistern was 
very small ^ somewhat divided, and the opening into it was much small- 
er than in the front quarter. The size of openings into cisterns corre- 
sponds rather well with the grades assigned on ante-mortem examina- 
tion, though the grades for free space do not appear to be related close- 
ly to the size of the cisterns. Only a moderate amount of connective 
tissue was visible in the gross sections although the ante-mortem 
examination indicated an abundance of fiber. The tissue was coni- 
parativety dense, the ducts being limited almost entirely to areas 
close to the cisterns and to the lower half of each section. The tissue 
was described as a trifle soft but more like the secretor}^ tissue of a 
dairy cow than that of any of the other Herefords. 

Histology . — ^One of the sections, from the lo-wer portion of the rear 
quarter (pi. 11, B), showed this particular area of the gland to be in a 
complete resting state. Sections from other areas (pi. 11, A) showed 
evidence of considerable glandular activity. Many of the alveoli 
were filled with free cells containing fat droplets, giving the various 
lobules as a whole a peculiar fatty appearance in some sections. In- 
terlobular fat deposits were seen in some of the sections. 

General . — The gross sections consisted almost entirely of gland 
tissue, although the actual quantity was very small. The shortness 
of the dry period preceding slaughter may have been partly responsible 
for the close resemblance of the tissue in this udder to that of a dairy 
cow. Moreover, this cow^ was in a poor condition of flesh, which may 
have affected the amount of deposition of fat in the udder. 

HEREFORD COW H-4 

Hereford cow H~4 was kept in the beef herd. She aborted Decem- 
ber 20, 1928; and information is not available as to whether she was 
nursed by the calves of other cows, or the possible effect of such nurs- 
ing on the length of the lactation period and the condition of the 
mammary gland. She was pregnant when slaughtered, but the date 
of breeding was not known. The fetus w^eighed 236 grams. The 
udder appeared on ante-mortem examination to be the smallest in the 
entire group, and its empty w^eight was within 0.05 pound of the lowest 
recorded. The glandular development was extremely deficient, the 
quantity and proportions closely approximating those of a 6-month- 
old Holstein calf. The udder quality was far below the average for 
the group of udders compared in this study. The fiber was of medium 
abundance and coarseness. The openings from the teat canals to 
cisterns appeared on ante-mortem examination to be extremely small 
and the free space was one of the two low^est in the group. This udder 
was not only next to the lowest in empty weight, but it was the lowest 
of all in capacity, and thiixl from the lowest in relation of capaGity 
to weight. 

Gross anatomy (pi. 12).— Not only was the udder extremely small, 
but it contained a comparatively large proportion of fat, thereby 
supporting the grade assigned for nearness to surface” (table 11). 
The gland tissue did not occupy more than two-thirds of the area of 
any section, and in most sections it did not occupy more than one-half 
of the area. In the rear quarter the cistern was very small and the 
opening from the teat canal was extremely small. In the front quar- 
ter also the cistern was very small, but the opening from the teat 
canal was very slightly larger than in the rear. These findings are 
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generally in accord with ante-mortem observations on size of openings 
and amount of free space. The gland tissue was not definite in outline 
and not easi^v distinguishable from the fat. Except for a small area 
close to the cistern the ducts were small and very few in number. It 
appeared that a fairly large quantity of connective tissue was present 
in this udder and that the gland tissue was interspersed with fat. 
The gland tissue was inclined to be soft, but the surrounding fatty 
areas were very firm. 

Histology . — This udder was ven^ small and extremely fat, and sec- 
tions could be obtained only from areas near the center of the front 
quarters and the lower part of the rear quarter. This gland was in 
the resting state and showed little evidence of functional activity. 
The outstanding histological finding in this udder was the excessive 
amount of fat present and intermixed with the glandular tissue. 
There were not onh^ extensive interlobular fat deposits, but in places 
thei'e were areas the size of several lobules occupied by fat, instead of 
the normal gland tissue. The area illustrated in plate 13 was taken 
from near the center of the left front quarter. 

General . — This udder probably had the least grandular develop- 
ment of any compared in this study, though in some respects that of 
H-2 was not greatly different. The gross anatomical findings support 
the ante-mortem observations unusually well for abundance of gland 
tissue and its closeness to the surface, abundance of fiber, and size 
of cistern openings. Uncertainty as to the duration of lactation and 
the possible effect of abortion on mammary activity and development 
make conclusions difficult. It appears, however, that this cow did 
not possess the necessary development for liberal lactation. 

HEREFORD COW H-17 

Hereford cow H--17 was kept in the beef herd following an abortion 
on June 12, 1928. As in the case of H-1, information is lacking as to 
her lactating capacity and as to whether she was nursed by the calves 
of other cows. Moreover she was in advanced pregnancy (271 days) 
when slaughtered and her udder was “making up^’ and therefore not 
comparable to the others in regard to many characteristics. The 
fetus weighed 27,443 grams (6O.0 pounds). Though small and de- 
ficient in gland tissue in comparison with that of a dairy cowy the udder 
appeared to be superior to that of any of the other Herefords at the 
time the ante-mortem observations were made. In cpiality, however, 
it was well below the average for the group of cows compared. The 
fiber was of medium abundance, coarseness, and harshness. The open- 
ings from the teat canals to the cisterns appeared on ante-mortem 
examination to be larger on an average than for any other cow in the 
group, the right front one being very small but the right rear one large. 
The amount of free space appeared to be slightly below medium. 
In empty weight the udder ranked fourth from the highest, in capacity 
it was third from the highest, and in relation of capacity to weight 
it was fifth from the highest. 

Gross anatomy (pL 14).— Though this udder was of fairly good size, a 
large proportion of the area of the sections consisted of fat. In the 
sections carrying the teats only about 50 to 60 percent of the total 
area consisted of gland tissue; in the sections near the front and rear 
of the udder there ivas little or no gland tissue. The outline of the 
gland tissue was fairly distinct, though in many sections there was an 
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area surrounding it which seemed to contain a large proportion of con- 
nective tissue and to be intermediate between the gland tissue and the 
fat. The udder was not well frozen when sectioned, but the surfaces 
of the sections were fairly smooth. In the rear quarter the cistern 
was of moderate size but the front cistern was large. Both cisterns 
were divided. Though the ante-mortem examination indicated a 
rather marked difference between the front and rear Cj[uarters in size of 
opening from teat canal to cistern, the gross sections showed that both 
were comparatively large. The tissue wp of more than average 
openness, especially in the vicinity of the cisterns. A medium quan- 
tity of connective tissue was visible in the sections though it was 
rather indistinct in outline. The tissue itself was described as mush}^ 
but the areas of fat were of medium firmness. 

Histology , — This udder showed glandular activity in all the areas 
examined, with indications here and there of the gland being partly 
in the resting state. A few^ small areas of round cell infiltration were 
noted, but for the most part this gland was normal in appearance. 
The fibrous connective tissue of this udder had the appearance of 
being of a soft or loose texture. The area illustrated in plate 15 w^as 
taken from the upper portion of the left front quarter. 

General . — The ante-mortem observatioirs are usually well supported 
by the gross-anatomical findings for most of the items compared. 
The quantity of gland tissue appeai'ed to be nearly the same^ as for 
H--16, the Hereford kept in the dairy herd, 'which closely approximated 
H-17 in age and in size. It would appear that the advanced stage of 
gestation was largely responsible for the indications of activity re- 
ported in the histological study, and to some extent for the size of the 
udder and the quantity of gland tissue present. 

HOLSTEIN cow NO. 299 

Co'w 299, a registered Holstein, wms bred and raised in the Biireaifis 
dairy herd at Beltsville, Md. Her production record made on three 
milMngs daily at 3 years 3 months of age was 14,295 pounds of milk 
and 463 pounds of butterfat. She had been dry for 22 days at the 
time of slaughter, and was not pregnant. She was slaughtered be- 
cause of a relaxed condition of the sacroiliac joint. Ante-mortem 
measurements in regions of the body likely to be a-ffected by this con- 
dition wnre taken on the uninjured side. Though some of the carcass 
measurements may have been slightly affected, the resulting error is 
believed to be of little importance. On ante-mortem examination 
the quantity of mammary-gland tissue appeared to be small. The 
quality 'was very high (the highest in the entire group compared in 
this study) and the udder covering was extremely loose. The fiber 
was comparatively abundant, rather finely divided, and of medium 
harshness, and the free space was next to the highest in the entire 
group. Grades were not assigned to the size of the openings into the 
cisterns. Though not a large udder, its empty weight was next to the 
highest, its capacity was the highest, and its relation of capacity to 
weight was next to the highest in the entire group of udders com- 
pared...' : 

Gross anatomy (pi. 16). — Although the udder was slightly thawed 
on the surface, the saw cuts were fairly smooth. Aside from a very 
small area at the extreme top, practically the entire surface of each 
section consisted of gland tissue. The rear cistern was very small 
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and tlie front one was almost lacking. There seems to be no relation 
between size of cistern and amount of free space in this udder. The 
cisterns were smaller than the teat canals. The tissue was of medium 
density j inclined to be wet but hacl a fairly good body, and con- 
tained a large proportion of clearly visible connective tissue of medium 
coarseness. The openings into the cisterns were of medium size. 

Histology . — This was considered a nonactive or dry udder, and with 
the exception of a number of scattered lobules the histological ex- 
amination showed the gland to be largely in the resting state. Round 
cell infiltration was noted in all of the sections and a limited number 
of the alveoli contained pus cells. A number of milk concretions 
were seen in some of the sections. The area illustrated in plate 17 
was taken from the lower part of the left front quarter. 

GeneraL — The records show that at one time there had been 
inflammation in the right rear quarter, but the udder appeared to 
be sound when examined before slaughter. Post-mortem examina- 
tion failed to show any indications that this inflammation had been 
present. The abundance of tissue was rated as low on ante-mortem 
examination but appeared to be fairly abundant in the gross sections. 
Judgment as to abundance of fiber and presence of fat in the udder 
before death is rather well supported by gross anatomical findings. 

HOLSTEIN cow NO. 827 

Cow 827, a registered Holstein, vras bred and raised in the dairy 
herd at the Beltsville Experiment Station. Her production record 
made on three milkings daily at 2 years 7 months of age was 
14,257 pounds of milk and 522 pounds of butterfat. She had been 
dry for 7 months 12 days at the time of slaughter, and was not preg- 
nant. On ante-mortem examination the udder showed only a very 
small quantity of gland tissue, indicating a high degree of involution 
since the udder went dry. In quality tins udder ranked second from 
the highest in the group compared in this study. The fiber appeared 
to be above medium in abundance, and medium in coarseness. The 
openings from teat canals to cisterns appeared to be small in front 
and medium in the rear. The free space was the highest in the 
entire group, though there were no indications of large cisterns. 
Though this udder was smaU m size, its empty weight was third, its 
capacity was second, and its relation of capacity to weight was 
third from the highest in the entire group of udders compared. 

Or OSS amtomy (see pi. 18).- — A considerable quantity of fat was 
present in all sections. In the sections carrying the front and rear 
teats and in other sections through the middle part of the udder 
there were fairly large areas of fat near the top, and a strip along the 
periplieiy— under the skin — which apparently consisted chiefly of a 
loosely formed fibrous structure, giving the appearance of the skin 
breaking away from the gland tissue. This suggests the possibility 
that a pocket of formalin may have been formed in this area at the 
time of filling, and that the capacity of the udder as recorded may be 
a trifle Mgh. It is worthy of note, however, that the histological 
study showed large replacements of gland tissue with fat near the 
peripheiw. There was no distinctly circumscribed cistern in either 
the front or rear quarter, though numerous medium-sized ducts were 
present in the area usiially occupied by the cistern. The cisterns 
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were small in total volume and very mucli divided. Tlie opening 
from teat canal to cistern was about average in the rear quarter and 
slightly larger in the front quarter; and both openings were larger 
in diameter than the cisterns themselves. The tissue was low in 
porosity, about average in firmness, wet, and the visible connective 
tissue was abundant. The tissue appeared to be found in all parts. 

Histology . — This was a small, nonlactating udder, with CGnsiderable 
fat. Histologically the general structure of the udder showed little 
deviation from the normal. The glandular portion was found to be 
in the resting state. Practically all the lobules showed the deposi- 
tion of fat to a greater or less extent, and some of the lobules, toward 
the periphery of the organ, were largely replaced by fat. The udder 
showed a rather heavy fibrous structure throughout, with wide bands 
of fibrous tissue separating many of the lobules. The area illustrated 
in plate 19 was taken from the upper portion of the left rear quarter. 

General . — There is no record of this cow having had any udder 
disturbance requiring treatment. Ante-mortem judgment as to 
abundance of fiber is well supported by both gross anatomical and 
histological findings. The free space did not bear a close relation to 
size of cisterns, but the size of cisterns was found to be much as 
described on ante-mortem examination. The ante-mortem observa- 
tions would indicate a smaller quantity of fat than was found in both 
the gross and histological sections. 

xA.BERDEEN ANGUS COW A-300 

Cow A~300, a registered Aberdeen Angus had been a persistent 
breeder and a consistent winner in the show ring for a number of 
years, but nothing is known of her milk-producing ability. She had 
been nonlactating for about 25 months when slaughtered, and was 
not pregnant. Ante-mortem examination of the udder indicated a 
quality close to the medium, a very loose covering, a medium quantity 
of gland tissue, a comparatively small quantity of rather coarse fiber, 
and slightly more than average free space. The udder was described 
as fatty. Grades were not assigned to indicate the size of openings 
between the teat canals and the cisterns. Though only medium in 
size it was the highest in the entire group in empty weight; sixth from 
the lughest in capacity, and the lowest of all in relation of capacity 
to weight, indicating that the udder consisted largely of material 
other than gland tissue. 

Gross anatomy (pi. 20). — Aside from a small area above the rear 
teat, practically the entire udder consisted of fat. In the front 
quarter the gland tissue was little more than sufficient to enclose the 
duct or cistern, which was not more than a quarter of an inch in 
diameter, horizontal in position, and approached the teat canal from 
the rear. The rear quarter contained an area of gland tissue of 
irregular shape, about 5}i inches at its maximum height, about 3 
inches at its maximum width, and surrounded laterally and superiorly 
with solid fat. The rear cistern was very small and somewhat 
divided. The front one was almost entirely lacking. The opening 
from teat canal to cistern was only moderate in size in the rear and 
extremely small in the front quarter. There were only a few small 
ducts except in the immediate vicinity of the cistern. A fairly liberal 
quantity of comparatively finely divided eonnective tissue was visible. 
The sections were firm when kept at low temperatures, but, owing 
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to tlie veiy great proportion of fat, became soft at liiglier temperatures. 
Tile fatty areas as well as the areas of gland tissue contained a con- 
siderable" quantity of connective tissue or fiber. ^ As tlie fatty areas 
receded tbese stood out in relief, giving the sections a rough appear- 
ance, parti ciilaiiy in the photographs. 

Histology . — TMs udder showed an extreme fatt}’ condition in the 
gross specimen and it was possible to obtain sections froni only one 
area in the lower portion of the rear quarter. Histologically this 
area was found to be in the complete resting state and quite fibrous. 
The fibrous condition may have been due in part to the advanced age 
of the animal. A number of milk concretions were noted in the 
section. (See pi. 21.) 

Undoubtedly this udder had the largest proportion of 
fat to gland tissue of any udder yet studied. In making the ante- 
mortem observations the udder was described as fatty but the con- 
dition was underestimated. Probably because of the extreme fatty 
condition the quantity of fiber as shovm by both gross and liistologicai 
sections was also underestimated. The gross anatoniical and histolo- 
gical findings are in very close agreement. The high condition of 
this cow and the 25 months dry period probably account for the 
large amount of fat in the udder, but the extremely small quantity 
of gland tissue would appear to have made it impossible for her to 
secrete any considerable amount of milk. 

DISCUSSION AND SUMMARY 

The milk- and butterfat-producing abihty of four Hereford cows 
maintained under dairy-herd conditions is compared with that of 
two registered Holstein cows. A comparison is also made of the weight 
and measurements of the body, the weight and measurements of the 
internal organs and body parts, and the mammary-gland develop- 
ment and udder structure of the four Hereford cows, the two registered 
Holstein cows, three Hereford cows kept under typical beef-herd 
conditions, and an aged Aberdeen Angus co'w. 

The average procluction of the four tlereford cows (tlxat were 
accustonied to conditions of dairy-herd management prior to their 
first calving and milked and fed under the same environmental con- 
ditions as the dairy herd) was 557.45 pounds of milk, testing 4.9b 
percent butterfat and containing a total of 27.66 pounds of butterfat. 
The average lactation period was 211 days. The average production 
of the two Holstein cows was 14,276 pounds of milk, testing 3.45 
pereent butterfat and containing 492.5 pounds of butterfat. The 
average lactation period was 364 days. The production of the two 
Holstein cows was 2,461 percent greater in milk and 1,681 percent 
greater in butterfat than the average production of the four Hereford 
cows... . 

Although the four Herefords milked in the dairy batm w^ere consider- 
ably undersized, they could hardly have failed to make a more credit- 
able showing, considering them opportunities both before and during 
lactation, if their inheritance had included the eapacity for abundant 
lactation or the stimulus to continue lactation over an extended 
period.^ Apparently they did not possess these qualities. 

In live weight and in every body dimension measured before 
slaughter, the Herefords studied were smaller than either the Holsteins 
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or the Aberdeen Angus. Though heavier, the Aberdeen Angus was 
smaller than the Holsteins in the measurements of length and height, 
but greater in some other measurements, particularly those of width 
and circumference of body that are affected to the greatest extent by 
flesMng. In this connection, attention is called again to the possible 
eflect of age differences on the comparisons of absolute values of 
weight or measurements for different breeds. 

When the ante-mortem data are compared on the basis of ratios 
based on height at withers or on length of head, a marked similarity 
is shown in the body proportions of the Holsteins and the Herefords. 
The ratio for width of fore chest appears to be the outstanding excep- 
tion. For the measurements of height and length, which indicate 
'‘scale”, the body proportions of the animals in all three breeds are 
similar. The outstanding differences in body proportions are associ- 
ated with those measurements, such as width and circumference of 
barrel, that are most directly affected by deposition of fat. This 
supports the finding of a previous investigation that the cows of 
different breeds are generally similar in skeletal structure — the dif- 
ferences in type, resulting from breeding and selection, being due 
primarily to the degree of fleshing. 

Although the contour areas for foi'e chest and paunch increased 
progressively in size from Hereford to Holstein to Aberdeen Angus 
and there was considerable difference in shape of the contours, only a 
slight difference existed in the proportion above and below the vertical 
midpoint. 

The body surface area was almost the same for Holsteins and Aber- 
deen Angus. That for the Herefords was much less. 

The volume of barrel also was nearly the same for Holsteins and 
Aberdeen An^us. That for the Herefords was very much less. 

The thoracic index decreased with considerable regularity from 
Herefords to Holsteins to Aberdeen Angus, indicating that the Hol- 
steins were intermediate and the Aberdeen Angus was the highest in 
proportion of width to depth of fore chest. 

Abdominal indexes were nearly the same for all three breeds. 

The legginess was almost the same for the Holsteins as for the 
Herefords, but much lower for the Aberdeen Angus. 

Great differences existed in wedge shape. The Herefords had very 
little vertical wedge shape, the Holsteins had more than 10 times as 
much as the Herefords, and the Aberdeen Angus had more than three 
times as much as the Holsteins. In lateral wedge shape there was a 
marked decrease from Herefords to Holsteins to Aberdeen Angus. 
In circumference the wedge shape was almost the same for the three 
breeds; and on the basis of contour areas the Herefords and the Hol- 
steins were almost the same, but the Aberdeen Angus was distinctly 
less. The Aberdeen Angus was very wide in the fore chest as com- 
pared with the animals in the other breeds. Again the inffueiice of 
fleshing— especially in the region of the fore chest— is sbowm in the 
values for wedge shape. 

With few exceptions the post-mortem data, expressed in actual 
units of weight or measurement, are distinctly lower for the Herefords 
than for the Holsteins— the most marked differences being m the 
visceral fats, the endocrine glands, and the udder. A comparison of 
the Aberdeen Angus with the Herefords shows relationsliips that are 
similar to the Holstein-Herefo^ relationships in most respects. 
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However, in comparing the Aberdeen Angus with the Holsteins, 
although the four greatest differences are m weights of adrenals, 
udder, Iddneys, and thyroid, all of which are greater for the Aberdeen 
Angus, the data for the Aberdeen Angus are actually lower than for 
the Holsteins for more than two-thirds of the items. 

When considered in relation to the empty body weight of the animal, 
there was a definite tendency for most of the weights and measure- 
ments of the internal organs and body parts to be greater for the 
Herefords than for either the Holsteins or the Aberdeen Angus and 
greater for the Holsteins than for the Aberdeen Angus, except for the 
visceral fats, the udder, the ovaries, the kidneys, and some of the 
endocrine glands. 

When grouped on the basis of anatomy and function, it appears 
that the organs and parts of both the Holsteins and Aberdeen Angus 
averaged greater in actual magnitude than those of the Herefords, 
wliile those of the Aberdeen Angus averaged smaller than those of the 
Holsteins in the circulation and respiration group and in the digestion 
group. In proportion to their empty body weight, however, the 
Herefords had larger organs than the Holsteins in all except the 
endocrine gland and visceral fats groups, and larger organs than the 
Aberdeen Angus in all except the urogenital, endocrine gland, and 
visceral fats groups. The Holsteins had larger organs" than the 
Aberdeen Angus in alf except the urogenitarand endocrine gland 
groups. The effect of fleshing is clearly indicated, for as it increases 
the total animal structure, the organs become proportionately smaller. 
The only group consistently overcoming this factor, showing greater 
average values for Holsteins than for Herefords and greater values 
for the Aberdeen Angus than for either Herefords or Holsteins, was 
the one consisting of endocrine glands. 

Despite the breed differences in size of internal organs and body 
parts, there was very little difference in dressing out percentage 
between the Herefords and the Holsteins. The dressed weight was 
50.0 percent of the live weight obtained immediately before slaughter 
for the four Herefords in group 1 (dairy management), 49.9 percent 
for the three Herefords in group 2 (beef management) and 54.7 per- 
cent for the two Holsteins. When based on empty body weight 
instead of live weight, the dressing out percentages were 60.2, 60.1, 
and 62.5, respectively. Owing to the difference in procedure incidental 
to the preservation of her skeleton, the carcass weight of the Aberdeen 
Angus cow could not be determined. 

^ Five of the seven Herefords were extremely deficient in mammary- 
gland development. The other two, though more advanced, still were 
distinctly deficient. The greater udder development of H~16 and 
H~17 as compared with the other Herefords is shown both by the 
photographs of the living animals (figs. 1 and 2) and by the photo- 
graphs of the gross sections of the udders (ph 1). This difference 
may be due partly to their greater size and presumably more advanced 
age and partly to the fact that they came from a different line of 
breeding and had a different inheritance. Only two Herefords, one 
that nursed her calf until 18 days before slaughter, and one in advanced 
pregnancy, showed signs of activity in the gland tissue, and all except 
these two showed large quantities of fat deposits in the histological 
sections. The udder of the Aberdeen Angus was much larger and 
appeared to have a greater quantity of gland tissue, but on post- 
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mortem examination it proved to consist chiefly of fat. The Holsteins 
had udders of comparatively small size for the breed. 

The Holsteins ranked considerably above the Herefords in most of 
the udder characteristics associated with ^'udder quality^\ The 
Aberdeen Angus ranked close to the Herefords in most of these items 
but above the Holsteins in a few. There was little difterence between 
the breeds in those items that might be considered antagonistic to 
quality. Grades for milk veins and milk wells were in most cases 
definitely higher for the Holsteins than for the other breeds. Though 
the grades for quality of udder are in most cases higher for the Hol- 
steins than for either the Herefords or the Aberdeen Angus, the dif- 
ferences do not approach the very great difference in producing 
capacity that actually existed between the Holsteins and the Here- 
fords, and that in all probability existed between the Holsteins and 
the Aberdeen Angus. ^ 

In size (empty weight) of udder the Herefords in group 2 (beef 
management) differed from the Herefords in group 1 (dairy manage- 
ment) by only 2.30 percent; the Holsteins were 160.16 percent greater 
than the Herefords; and the Aberdeen Angus was 336.08 percent 
greater than the Herefords and 67.62 percent greater than the Hol- 
steins. The comparatively high weight of udder in the Aberdeen 
Angus was due to excessive deposition of fat. 

In capacity of udder the Herefords in group 2 (beef management) 
averaged 53.32 percent more than the Herefords in group 1 (dairy 
management). This may indicate a possibility that the Herefords in 
group 2 produced more abundantly than those in group 1. Actual 
milk production records for the cows in group 2 are not available, of 
course, but there is nothing in the appearance of the gross sections of 
the udders to indicate they had a greater quantity of mammary-gland 
tissue. The udder capacity of the Holsteins was 520.33 "percent 
greater than the average for the Herefords, and 359.78 percent greater 
than for the Aberdeen Angus. The capacity of the Aberdeen Angus, 
however, was 34.92 percent greater than the average for the Herefords. 
The proportion of mammary-gland tissue in the udder of the Aberdeen 
Angus was extremely small. The low udder capacity of cows of the 
beef breeds studied was shown consistently. 

In ^helation of capacity to weight^' of udder, the Herefords in group 
2 (beef inanagernent) averaged 74.86 percent higher than those in 
group 1 (dairy management). The Holsteins exceeded the Herefords 
by 130.12 percent, but the Aberdeen Angus was 69.96 percent lower 
than the Herefords and 86.95 percent lower than the Holsteins. The 
low fluid-holding capacity per unit of weight for the beef-cow udders 
indicates a small quantity of gland tissue in proportion to fat or 
connective tissue. This was particularly true of the Aberdeen Angus, 
which had the heaviest udder with a capacity only slightly above the 
average for the Herefords, and the lowest relation of capacity to weight 
of all the udders included in this study. The effect of heavy fat 
deposition in the udder of this cow is clearly indicated, but the extent 
to which her long dry period was responsible for it is not definitely 
known. 

For the six cows in this study having records of production there 
appears to be a high positive correlation between size (empty weight), 
capacity, and ratio of capacity to weight of udder and the quantity of 
niJlk produced, if the twn Holsteins, the highest producing Hereford, 
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and the three lowest producing Herefords are considered as gpups, but 
little if any correlation among the three lowest producing individual 
Herefordsf Though the Holstein^ udders . exceeded the Hereford 
udders by 163 percent in empty weight, 661 percent yn capacity, and 
204 percent in ratio of capacity to weight, these differences do not 
approach the corresponding differences of 2,461 percent and 1,681 
percent, respectivfety, for milk and butterfat production,^ At the same 
time the percentage differences for udder size and capacity were inueh 
more significant of the producing ability than were the udder character- 
istics studied on the living animals. This is m harmony with previous 
studied, which showed size and capacity of udder were the only items 
of those studied that had significant correlations with, records of 
production. 

Witli few exceptions the antemortem observations were fairhr well 
supported by the findings reported m the gross anatomical and 
liistological studies, and the gross anatomical observations are perhaps 
even more closely supported by the histological findings. 

The proportion of fat in the udder of the Aberdeen Angus was 
extremely high. The possible effect of prolonged inactivity on fat 
deposition has been discussed. In the Herefords it was high but less 
extreme. One of the Holstein udders had practically no visible fat 
in the gross sections, the other a moderate quantity. Though in a few 
instances the proportion of Hsible fat in the udders of the Herefords 
was comparatively small, the total quantity of gland tissue and the 
measured capacity of the udder w^ere both so small that it is inconceiv- 
able they could have produced milk m abundant quantities. ^ To this 
extent the findings with Herefords support the observations and 
conclusions previously reported for the Aberdeen Angus, which 
were to the effect that cows of the spe^cialized beef breeds do not 
inherit a mamniaiy development sufficient to enable tliem to be 
liberal milk producers. 
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GROWTH AND DEVEIDPMENT OF DICTYOSTELIUM 
DISCOIDEUM WITH DIFFERENT BACTERIAL ASSO- 
CIATES ^ 


By Kenneth B. Raper - 

Assisiard rnycologisi, Division of Soil Microbiology, Bureau of Plant Industry^ 
U?iited States Department of Agriculture 

INTRODUCTION 

The genus Dictyostelium and the group to which it belongs have been 
known since Brefeld ^ described Dictyostelium mucoroides in 1869. 
Additional species have been added to the genus by Van Tieghem 
Marchal (10), Olive (13), and Raper (18). 

The developmental history of species of the Dictyosteliaceae is well 
known from the works of Brefeld (3, 3), Van Tieghem (B3, 33), Olive 
(14), Harper (6, 7, 8), and Raper (18). Their investigations dealt 
either with the taxonomy of the group or mth the formation of fruiting 
structures in certain species of the family, whereas little study was 
given to the vegetative stage and no attention was paid to the role of 
the bacteria that accompanied the slime molds. Some investigations 
of a physiological nature, however, were made by Nadson (13), Potts 
(17), Vuillemin (34), Pinoy (15, 16), and Skupienski (30, 31); and in 
their studies the role of the accompanying bacteria rightfully occupied 
the center of attention. 

The relation between species of the Dictyosteliaceae and the bacteria 
vith which they are associated has been a subject of dispute. Although 
any effective study of this relationship obviously would have to be 
made with the slime molds growing in association with pure cultures 
of bacteria of known identity, only a part of the studies previously 
reported were made with such cultures. Further, there is a disparity 
in the results reported by different investigators working with the 
same species of Dictyostelium in association with the same species of 
bacteria. 

Because of the conflicting results reported by earlier students of the 
Dictyosteliaceae and because of the limited scope of their investiga- 
tions, the need for additional study of the vrhole question of the 
relationship between species of this family and the bacteria that 
accompany them became apparent. The writer, therefore, under- 
took the investigation of this problem with the following objectives 
in view: (1) To study the range of different species of bacteria in 

i Received for publication Dec. 5, 1936: issued September 1937. Contribution from the Laboratories of 
Cryptogamic Botany and the Farlow Herbarium, Harvard University, no. IfO. The material presented 
here represents a portion of a thesis submitted to the faculty of Harvard University, June 1936, in partial 
fulfillment of the requirements for the degree of doctor of philosophy in biology, 

3 Theauthor is particularly indebted to Prof. William H. Weston, Jr., of Harvard University, under whose 
direction the present studies were pursued, for valuable counsel and criticism during the progress of the work. 
The writer is also grateful to N. R. Smith, Division of Soil Microbiology, Bureau of Plant Industry, U. S. 
Department of Agrieulture, for helpful advice, for identifying cultures of bacteria, and for generously supply- 
ing the greater portion of the bacterial cultures studied during this investigation: and to Dr. Charles Thom , 
in charge of the Division, for having originally suggested an investigation of this nature and for guidance 
during earlier work which forms a background for the present studies. 

Reference is made by number (italic) to Litemture Cited, p. 314. 
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aSvSOGiation witli wliicli a representative member tlie Dictyosteli- 
aceae could grow; (2) to study the manner in which iiiyxamoebae of 
such a species feed upon bacteria; and (3) to study tlie^ relation be- 
tween a species of the Dictyostehaceae and the bacteria associated 
with it. 

Diciyostelkm discoidewm Raper was selected for this study because 
of the unique advantages for exirerimental studies which it affords. 

LITERATURE REVIEW 

Brefeld (,^), Van Tieghem Olive (14), and Harper (6) noted the 
presence of bacteria in their cultures of species of the Dictyosteliaceae 
but did not understand the role played by the bacteria in the nutrition 
of the myxamoebae, nor did they know the identity of the bacteria 
that accompanied their cultures. Brefeld (2) noted the ingestion of 
solid particles by the myxamoebae of Dictyostelium, mucoroides. Van 
Tieghem (22) and Olive (14) observed the actual ingestion of bacteria 
by myxamoebae of the Dictyosteliaceae, but both investigators be*- 
lieved this phenomenon to be without significance and concluded that 
the myxamoebae fed upon nutrients in solution. Inasmuch as the 
emphasis in their studies was placed on the fruiting stage, which 
involves the final orientation and differentiation of myxamoebae into 
a fruiting structure, rather than on the vegetative stage, which in- 
volves the growth and multiplication of myxamoebae," this lack of 
appreciation of the role of bacteria is understandable. 

Nadson (12) was the fhst to call attention to the association of a 
known species of bacteria, Bacillus jluorescens ligiiefaciens, with a 
species of the Dictyosteliaceae, Dictyostelium mucoroides. He con- 
sidered that the two organisms were symbionts and that the bacteria 
favored the slime mold by creating an alkaline reaction in the culture 
medium. The myxamoebae, he believed, fed solely upon nutrients in 
solution. 

In his extensive study of the physiology of Dictyostelium mucoroides, 
3 years later, Potts (17) observed that the myxamoebae of D. muco- 
roUes were dependent upon the presence of bacteria for their nutrition 
and growth, and further that colonies of bacteria were consumed by 
the slime mold. He did not observe the ingestion of bacteria by the 
myxamoebae, however, and concluded that the myxamoebae excreted 
an enzyme, which digested the bacterial cells outside the bodies of the 
myxamoebae, and subsequently incorporated in solution the products 
of their decomposition. Using maize extract agar, he was able to 
grow mucoroides in association with pure cultures of Bacillus 
megatherium, B, subtilis, and B. jluorescens liguefaciens, in addition to 
Meferium jimhriatmn Potts with which he originally isolated the 
shme mold. Potts found no indication of a symbiotic relationship 
between the slime xnold and the associated bacteria. 

\ iiff lemin (24) isolated and cultivated Dictyostelium mucoroides in 
association with^ Bacillus jluorescens nondiguefaciens, but could not 
grow the same slime mold in association with B. pyocyaneus. He (21) 
reported ^at the slime mold acted as a '^bacteriophage^^ and that the 
myxamoebae of this species ingested bacterial cells and digested them 
m vacuoles within the bodies of the myxamoebae. In the same year, 
rmoy (IS) reported siiccessfully cultivating D, mucoroides in associa- 
tion with, or, as he termed it, in “pure-mixed culture'^ with Micro- 
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bacillus prodigiosus and B. coli communis in addition to B, jiuorescens 
liquefacienSy wliicli had been associated with the slime mold in his 
original isolation. Four years later {16) he added five additional 
Gram-negative bacteria to the list with which D, fnucoroides could 
grow, but reported that it could not grow with Gram-positive species 
or, as Vuillemin (24) had indicated before him, with B. pyocyaneus. 
Pinoy (16) made an intensive study of the ingestion and digestion of 
bacterial cells by the myxamoebae of D. mucoroides. He succeeded 
in extracting from large numbers of myxamoebae a preparation which 
(1) liquefied gelatine and (2) dissolved bacterial cells {B, coli com- 
munis) that had been killed by chloroform. To the active substance, 
or enzyme, contained in this extract, he gave the name ^^acrasidias- 
tase^^, and noted that on the whole it was similar in its action to a 
substance, or enzyme, earlier isolated by Mouton {11) from a soil 
amoeba and termed by him ^^amibodiastase.^^ Pinoy {16) considered 
the slime mold as living parasitically upon the colonies of the asso- 
ciated bacteria. 

Skupiensld {20, 21) likewise isolated Dictyostelium mucoroides in 
association with Bacillus fiuorescens liguefaciens and cultivated the 
two organisms in pure-mixed culture. Like Vuillemin and Pinoy, he 
reported the ingestion and digestion of bacterial cells by the myxamoe- 
bae of D. mucoroides, but believed nonetheless that the two organisms 
were symbionts. 

In 1935 the writer {18) described Dictyostelium discoideurn, a new 
species characterized by (1) migration, (2) upright sorocarps, and 
(3) discoid base, pointing out that this species was accompanied by 
bacteria and that the myxamoebae reached their maximum develop- 
ment within the bacterial colonies, and, indeed, occurred outside the 
limits of such only as scattered myxamoebae. How^ever, neither the 
relation between the myxamoebae and the bacteria nor the identity 
of the associated bacteria was then known. Since that time these 
points have been cleared up in large measure, and this work is reported 
and discussed herein. 

HOST RANGE OF DICTYOSTELIUM DISCOIDEUM 

DICTYOSTELIUM DISCOIDEUM IN ASSOCIATION WITH VIBRIO ALKALIGINES 

Using the type strain of Dictyostelium discoideurn {18), the writer 
isolated the bacteria associated with this slime mold and found that 
it was accompanied by a single species of bacteria, Vibrio alkaligines 
Lehm. and Neumd When grown upon hay-infusion agar tliis bacterial 
culture produces raised, somewhat slimy colonies, which more or less 
retain their general character even when a rich growth of Dictyostelium 
occurs witliin them.^ 

In culturing Dictyostelium discoideurn in association with Vibvio 
alkaligines upon hay -infusion agar, the usual method of transfer was 
to remove loopfuls of hacteria and Dictyostelium from well-established 
cultures and to streak these upon the surface of fresh agar plates. 

■'Udentmed.byN.R., Smith. 

5 xs will foe seen from the discussions that follow, this was not the case with the majority of bacterial 
species that were subsequently studied in association with D. dtscmdeum, for in the greater percentage of 
cases the bacterial colonies were completely consumed, by the feeding mysarnoehae. The fact that the 
myxamoebae of I), dmoideim only partially consume the colonies of Vibrio alkaligines explains in large 
measure why the writer overlooked the true relation between the myxamoebae and the associated bacteria 
during his early studies with this slime mold. \ . . 
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this method was employed,^ good growth of bacteria and of 
Dictyostelium was invariably obtained. However, when care was 
taken to transfer only the spores from single sorocarps, growth oi the 
Dictyostelium was not uniformly obtained but occurred at some points 
of inoculation and not at others. Further, in these cultures it was 
observed that the two organisms always grew- at the same points and 
that neither ever developed alone. The explanation of this phenome- 
non was not at first obvious, but later experiments proved that the 
slime mold was dependent upon bacteiia for nutriment, a fact which 
was in agreement with results earlier obtained by Potts (17) and 
Pinoy (16) with D, mucoroides^ 

From the foregoing results it w^as obvious that bacteria-free spores 
had been inoculated at some places but not at others. In order to 
determine the character and position of the sorocarps bearmg spores 
that were free of bacteria, inoculations were again naade with spores 
only, and care was taken to inoculate some plates with spores taken 
from sorocarps that had been formed outside the limits of the bacterial 
colonies in which the pseiidoplasmodia had developed, while other 
plates were inoculated with spores taken from sorocarps that had 
been formed witliin the limits of the bacterial colonies.*^ It was 
found that bacteria and Dictyostelium grew at all points of inoculatioii 
in plates that had been seeded with spores obtained from sorocarps 
located within the bacterial colonies, but occurred at only 1 of 10 
points of inoculation in plates that had been seeded with spores 
obtained from sorocarps located outside the bacterial colonies. 
Subsequent experiments of this type demonstrated that if spores 
were taken only from sorocarps which had formed at a distance of 0.5 
cm or more beyond any evidence of bacterial growth then the spores 
were in all cases free from bacteria. 

Such bacteria-free spores germinated, but the emergent myxanioebae 
failed to grow in the absence of bacteria. However, it was only neces- 
sary to add bacteria to any point at which pure spores had been in- 
oculated in order to secure an immediate growth of Dictyostelium 
discoideum. 

The pseudoplasmodia were positively photo tactic, and when cul- 
tures vrere placed in one-sided illumination the pseudoplasmodia mi- 
grated toward the light. Under favorable culture conditions a large 
percentage of the resulting sorocarps were formed at distances of LO 
cm or more from bacterial colonies in which the pseudoplasmodia 
developed. In migrating this distance, the pseudoplasmodia divested 
themselves of all bacteria that were originally either contained inside 
or attached to the pseudoplasmodia at the time they left the bacterial 
colony. Dictyostelium discoideum is the only species of the Dictyo- 
steliaceae that possesses a migrating pseiidoplasmodium and is, there- 
fore, the only species that regularly bears bacteria-free spores. The 
pure spores borne in isolated sorocarps that are formed from migrating 
pseudoplasmodia can be inoculated at will with a pure culture of any 
bacteriuni, and the growth and development of I>. 
ciation with that bacterium can be studied in what Pinoy, Skupienski, 
and other workers have called a ‘^pure-mixed culture.^^ 

® In B. dhcmdeum (l8), after the myxamoebae ecmprising the pseudoplasmodia have crowded together into 
compact, cyiindrieal, tapering masses, these m^ses, or pseudoplasmodia, characteristically move outside 
units and continue to migrate fora greater or less distance before forming sorocarps 
At me same time, other pseudoplasmodia fail to migrate and hence form sorocarps within the limits of the 
hacterial colon V. 
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PRELIMINARY STUDIES WITH CERTAIN SAPROPHYTIC BACTERIAL ASSOCIATES 

Since members of the Dictyosteliaceae had been isolated almost ex- 
clusively with fluorescent bacteria by earlier investigators {12, 15, 20, 
2Ii) and had been successfully grown in association with these bacteria 
by Nadson Potts {11), Vuillemin {21^), Pinoy {15, 16), and 

Skupienski {20, 21), the writer early turned to a study of Dictyostelium 
discoideum in association with Pseudomonas jluorescens MigulaJ 
Following this, the shme mold was cultivated in association with an 
additional species of Gram-negative bacteria, Escherichia coli (Migula) 
Castellani and Chalmers, and with two Gram-positive species, 
Bacillus 7negatherium De Bary and B, subtilis Cohn. With each of 
these common saprophytic species, D. discoideum grew somewhat 
better than in control cultures with Vibrio alkaligines. Thus D, dis- 
coideum grew better in association with other bacterial species than 
that mth which the slime mold was originally associated. 

In the above-mentioned cultures with common saprophytic bac- 
teria and in those with Vibrio alkaligines, the mature sorocarps varied 
greatly in size but were always of essentially the same pattern, char- 
acterized by upright, straight, sinuous, or loosely spiral sorophores, 
which arose from circular and expanded or cone-shaped basal disks 
and bore at their apices grayish-white to pale lemon-yellow sori of 
slightly elliptical form. Under favorable conditions such as existed 
in these cultures, the differentiation of myxamoebae in the developing 
sorocarp into stalk cells and spores progressed at a proportional rate, 
so that, regardless of the size of the fructification, the ratio of soro- 
phore (stalk) to sorus (spore mass) size remained relatively constant. 
This condition is well illustrated by the camera lucida drawings of 
mature sorocarps of normal pattern shown in figure 1, A~D\ For a 
detailed account of sorocarp formation, the reader is referred to the 
original description of Dictyostelium discoideum {18). 

The preliminary studies clearly demonstrated: (1) That Dictyo- 
stelium discoideum could grow”, and grow well, in association with bac- 
teria other than that with which the original culture was associated; 
(2) that D. discoideum could grow alike with Gram-negative and Gram 
positive bacteria; (3) that hay-infusion agar pro\uded a satisfactory 
medium for cultivating D. discoideum in association with different 
bacteria; (4) that the sorocarps produced in cultures with different 
bacteria presented essentially the same pattern; and (5) that the ratio 
of sorophore to sorus size remained relatively constant regardless of 
the size of the sorocarp. Therefore, it was recognized that D. discoi- 
deum afforded a particularly favorable species with which to study 
quantitatively the growth of a species of the Dictyosteliaceae in as- 
sociation with a large number of different bacteria belonging to di- 
verse groups. 

METHODS DEVELOPED FOR MAKING GROWTH COMPARISONS 

For these comparative studies of the growth of Dictyostelium. dis- 
coideum iu association with various bacteria, hay-infusion agar was 
used, the composition ® being kept as constant as possible. 

1 1 n discussing the writer’s work, the nomenclature for the bactmai species studied is in all cases accordine 
to Bergej 0); whereas, in reviewing the work of earlier investigators, the nomenclature used by those in- 
vestigators is followed. 

® The hay-infusion agar was prepared in the following manner; 35 g of partially decomposed hay infused in 
a liter of tap water for one-half hour in an autoclave at llO® 0. and 5~l() pounds pressure: infusion filtered, 
and filtrate made up to 1 liter; 0.2 percent K 2 HPO 4 and 1.5 percent agar added; adjusted top W of e.0-6.2,- and 
sterilized at 15 pounds pressure for 20 minutes. 
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Triplicate plates of lia.y-infusion agar (each plate containing- ap- 
proximately 20 cc of iiiediiim) were inoculated with each of the cul- 
tures listed in tables 1 and 2. Inoculations were made in the following 
manner: Six giant colonies were established at regular intervals in a 
circle near the peripheiy of the plate, and a single colony was planted 
in the center; the inoculations were made with a small loop, and for 
each colony the inoculum wars spread over an area of approximately 
1 €111“. In all cases the cultures w^ere allownd to grow at room teni- 
perature of 22-24° C. for 2 to 3 days prior to the introduction of pure 
spores of Dictyodelmm. The spores used as inoculum wnre obtained 
from sorocarps that had developed 0.5 cm or more beyond any evidence 
of bacterial growth. As an added precaution, spores from only one 
sorocarp were introduced into each bacterial colony, so that if con- 
taniiiiating bacteria w-ere in any case introduced with the inoculum 
they wniild not be added to more than a single colony. Spores w^ere 



^ a sorocarp of large size; B and C, sorocarps of 


introduced mto each of the colonies in two of the three plates and 

VI,. colonies in tlie third plate. Thus for each 
bactenal species studied, D. discoideum was introduced into 20 

ffrinurnf reserved as a measure of the 

growth of the bacteria alone. 

cultures was continued at room temperature 
M ® r'’® '^yduced. The cultures were observed from 
record was made of the time at which the first 
of a record of the complete growth 

after sorocarp formation had 
w ere added ^ the majority of cases was 6 to 8 days after the spores 
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The total growth of Dictyostelium discoidewn was deteniiiiied by 
counting the number of large, medium, and small sorocarps in each 
of the 20 colonies of the several bacterial cultures. These counts 
were subsequently averaged and the growth per colony was obtained 
(tables 1 and 2). 

For the terms ^darge”, “medium'^ and ^^small sorocarps’h used 
throughout this paper as a means of expressing quantitatively the 
growth of Dictyosteliu7n discoideum, the following arbitrary limits were 
chosen: 

(1) Large sorocarps , — Those with sori having a cross diameter of 250/i or more 
and sorophores having a length of 2.5 to 3.0 mm or more. 

(2) Medium sorocarps . — Those with sori having a cross diameter of 150ju to 250^ 
and sorophores having a length of 2 to 3 mm. 

(3) Small sorocarps . — Those with sori having a cross diameter of 75/x to 
and sorophores having a length of 1 to 2 mm. 

Although it might seem that the number and size of the sorocarps 
would not serve as a reliable index of the amount of growth in Dic- 
tyostelium discoideum^ an analysis of growth in this organism shows 
ample justification for such a procedure. Growth in the Dictyostelia- 
ceae consists in an increase in the mass and in the numbers of feeding 
myxamoebae, that is, it is characteristic of the vegetative stage. On 
the other hand, the formation of the fruiting structures involves no 
vegetative growth but rather is a matter of development, or ^fintegra- 
tion and differentiation^^ as Harper (5) has termed it. Since this is 
true, it would at first seem that any comparison of growTh should be 
limited to the vegetative stage where growth occurs. However, since 
no increase in the number of myxamoebae occurs after the fruiting 
stage is initiated and since each myxamoeba entering into a psuedo- 
plasmodium forms either a spore or a stalk cell in the developing 
fructification {2, 5, d, llf), the identity of each vegetative myxamoeba 
is in fact preserved in the mature sorocarp. The vacuolate stalk cells 
are much larger than the spores, but since the size of the sorus and that 
of the sorophore remain proportional (p. 293), the relative numbers 
of the two cell types remain approximately constant in normal soro- 
carps. A sorocarp of a particular size, therefore, represents a fairly 
definite amount of actual growth. Since this is true, the amount of 
growth occurring in any bacterial colony can be expressed in the 
numbers of sorocarps produced in that colony, wdien the size of the 
sorocarps is considered. 

The total growth of Dictyostelium discoideum in association with a 
given culture of bacteria can be satisfactorily expressed in terms of the 
total number of large, medium, and small sorocarps; but the growth 
of the slime mold with two or more different bacteria cannot be 
quantitatively compared in terms of the total number of sorocarps, 
because the numbers of sorocarps falling within the different size 
groups do not remain in the same ratio to one another.® However, 
such a quantitative comparison can be made and the results graphi- 
cally shown, if the sorocarps of the three sizes are all converted into a 
common expression. As already noted, the amount of actual growth 
represented by a sorocarp is in direct proportion to the size of the 

This point is excellently illustrated by the growth and development of Dktyo&telium diseoidaan with 
iMdlius cerem Frankland and Frankland and with Sarcina lutea Schroeter as shown in table 1, There was 
an average of 23 sorocarps per colony of B. cerem and an average of 22 sorocarps per colony of X !utea; 
still the growth of the slime mold was almost three times as great with the latter associate (fig. 2'-. This 
apparent contradiction is explained entirely by the size distribution of the sorocarps in the colonies of the two 
bacteria (table 1). 
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sorocarp ; and further, the relative proportions of sorus and soropliore 
remain fairly constant in a normal sorocarp regardless of the size of 
that sorocarp. Therefore the amount of growth represented by a 
sorocarp of one size can be expressed in terms of a sorocarp, or sorocarp 
equivalent, of another size simply by computing the voliimes of their 
sori. 

A basis for converting sorocarps of different sizes into a conunon 
expression was obtained in the following manner: (1) The av(u*a.ge 
dimensions of 50 large, 50 medium, and 50 small sori were detorniinecl ; 
(2) then, treating the sori as spheres, the average volume of a hirgo, 
medium, and small sorus was computed. Medium sori were chosen 
as the most convenient size to which to convert sorus volumes, and a 
medium sorus was found to be equivalent to 6 small sori and to 0.29 
of a large sorus. The total amount of growth of Dictyostelium dis-- 
coidemn with the different bacteria is, therefore, expressed as medium- 
sorocarp equivalents wherever quantitative comparisons are made, as 
in figures 2 and 3. 

Because of the amount of work involved, these investigations 
extended over a period of 6 months. However, the results obtained 
with the several species of bacteria could be quantitatively compared 
and the differences in the growth of Dictyostelium could be attributed 
either to the amount of bacterial growth present or to the ability of 
the myxamoebae to feed upon the bacteria, since the following facdiors 
remained constant throughout the study: (1) The culture media were 
approximately uniform in composition; (2) the number of bacterial 
colonies per plate and the area inoculated per colony were the same in 
all cases; (3) the cultures were all incubated at the same temperature, 
22°-24® C ; and (4) the bacterial colonies were all seeded with pure 
spores of D, discoideum when 2 to 3 days old. 


mCTYOSTElLIUM DISCOIDEUM IN ASSOCIATION WITH COMMON SAPROPHYTIC 

BACTERIA 


A comprehensive study of the growth and development of Diety- 
ostelmm discoideum in association with a large number of dilfiu'crit 
species of saprophytic bacteria was undertaken, and for this iiivc^sti- 
gation species belonging to the following genera and famihus woiw 
selected: Vibrio, of the Spirillaceae; Pseudomonas, Serraiia, Kseher- 
wMa, Aerobacter, Achromobacter, Oellulomonas, and Chromohaderlum 
of the Gram-negative Bacteriaceae; Bacillus, oi th(‘, (Jrani-j)ositive, 
spore-forming Bacillaceae; Bhizobium and Azotobacter, of the nitrog<m- 
fixing Nitrobacteriaceae; and Sarcina and Micrococcus, of the Coe- 
caceae. A complete list of the species studied is given in table 1. 

Inoculations with bacteria and subsequently with pure spoiTO of 
Didyostelmm discoideum were made in the manner described above. 

1 he cultures were observed from time to time and a record was 
inade^ of the time at wdiich pseudoplasmodium formation began, of 
toenhj^cter of the sorocarps produced, and of the total growth of 
Uidyoskknjfm discoideum m association with the several bacterial cul- 
tures after sorocarp formation ceased. 





Table 1.- — Coniparaiive growth of Dictyostelium discoideuni in association with different saprophytic bacteria on hay-infusion agar 
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The results of tliese studies are summarized and presented in table 
tlie total growth of ^ being recorded in the average 

rniiiiber of large^ iiiedium^, and small sorocarps per colon}?" and also in 
tlie average iiiirnber of medium-sorocarp ec|uivalents. A comparison 
of tlie amount ^of ^growtli of Didyosielium in a,ssociation with the 
different bacteria is graphically presented in figure 2, where the 
n.vemge total growth per colony is expressed in medium-sorocarp 
equivalents. 

Tliese studies emi best ^be considered by discussing the growdli and 
development of Dtiiyosteliiim: ducrndeuiyi in association with particular 
species or groups of species of bacteria. 

Didyostelium discoideum grew well and developed normally in 
association with the following species of Gram-negative non-spore- 
ioniiing bacteria: Pseud oynanas two strains of Ps. schuyl- 

MlMmis Cliesterj EschericMu coli, Aerobader aerogenes (Kruse) 
Aehrxrmsbac^^^^ Bergey et ah, and Achro- 

'lEodorier radiobade?^ (Beijerinck and Van Delden) Bergey et al. In 
ail of these cases the bacterial colonies w^ere completely consumed by 
the feec mg my^mmoebae, pseudoplasmodia began to develop within 
r - 2 chys after the introduction of Didyosielium spores, and the 
slime mold had virtually ceased growdng by the sixth or seventh day 
after its mociilation. The sorocarps were entirely normal in pattern 
with straight, sinuous, or loosely spiral sorophores; white to pale 
lemon-yellow son; and circular and flattened or cone-shaped basal 
disks (hg. 1, A-D) In association with each of these bacterial 

r in most cases as abundant 

cis With i imo alkahgines, the species associated with the original 

(table abundant 

growth of discoideum in associa- 

tion with berraiiamarcesyns Brno (Bacdlus prodigiosus Fltigge) wuis 
especially m erestmg. Upon bay-infusion agh tlfls bacteriaVspedes 
produces a dilute-crmison pigmentation. The pigment is contained 
vntiun the bacterial ceUs and is not water-soluble. "The myxamoeb ie 
of D. discoideum mgest and digest the ceU bodies of S marJescens b it 

scattered \acuoles of varying size within the bodies of the feedino- 
mjxamoebae. These vacuoles of pigment are not excreted when tlie 

fniiting stage, and consequently the pseudo- 
plasmodia are distinctly red in cnlnr TTiio P®®oao- 
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Serratia rfiarcescens^ a culture of CkromohacteTiwYi violacemn (Scliroeter) 
Bergonziiii (Bacillus violaceus Scliroeter) was procured in tlie hope 
that fruiting structures of blue or violet coloration could be obtained 
in cultures with this bacterium. This objective, however, was not 
realized, for, although 

So'cfer/o'/ C^/f^re 

j4x5'^oc/crte //o. , 


a 


on 

no 






Afei^ct/r7<9/7air /'/c/oresce/^s //2' \////////d{////////^^ 
Psei/i3t?^o/7a's scP^//P////e/7s/s 







mm 


/2^ W////A 


/33 






/ 3 / 






/e2 
so 
/so 

Sdrc/Z/us mj^co/Ses /SS \ 
P/r/zoP/m; me/z/o// S?S^a//aJ SSO\ 








w yM / m 


Jz(7/oAdrzrfsr c/m?cvcci/r?? 
Z?zofa^o>cfer z^/he/ff/zS// 
Sizr-cz/ra /r/fea 
S^rc/zza //aya 
///cracrzccz/s s/z./y^/Z^J 


// 

/r| 

/O/ 










a fair growth of 
v iolaeeum occurred 
hay-infusion agar, 
pigment was produced 
and the sorocarps that 
subsequently develop- 
ed were colorless. 

Colonies of Pseu- 
d 0 771 0 n a s aeriigmosa 
(Scliroeter) M i g ii 1 a 
were partially con- 
sumed by the feeding 
myxamoebae, and the 
resulting sorocarps 
were of normal pat- 
tern . B o til Viiillemin 
(£4) a^^d Pinoy (16) 
attempted unsuccess- 
fully to cultivate Dic- 
f yostelium 7mLC oroides 
in pure-mixed culture 
with this bacterial spe- 
cies. The difference 
between the results ob- 
tained by these inves- 
tigators and those 
obtained by the writer 
can probatdy be attrib- 
uted to the different 
media employed. 

Fair growth and nor- 
mal development of 
Dictyostelium discoide- 
wm occiirred in colo- 
nies of CeUulomonas 
ceUasea (Kellerman et 
ah). Bergey et ah, and 
the bacterial colonies 
were, wholly, consumed 
by,, the feeding myxa- 
nioebae. Poor growth 
of . D, diseoideum oc- 
curred in ^ association 
with. fX (Mc- 

Beth and Scales) Bergey et al. and 0. fima (McBeth and Scales) 
Bergey et al, but these cultures were particularly interesting 
from another standpoint. After the sorocarps matured, the CeUulo- 
monas attacked the cellulose walls of the cells of the sorophores 
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Figure 2.— Comparative growth of OktyosteMum diseoideum in asso- 
ciation with a number of comnion saprophytic bacteria growing 
upon hay-infusion agar. 
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and basal disks of the slime mold fructifications. In ^ some cases all 
traces of eelhilar structure were obliterated, and the identity of tlie^ 
sciropliore remained only as a reiy ■ tliin-walled hyaline tube, wliicli 
contained rounded vacuoles of varying size. It may be noted that 
the cultures of D. discotdeum in association until C. fimci represent' 
the nearest approach to a symbiotic relationship between slime mold, 
and biicteria yet encountered among the Dictyosteliaceae, inasmuch 
as at first the myxamoebae fed upon the bacteria wliile later the bac- 
teria decomposed the cellulose walls of the Dictyosteliwm. ^ In these 
cultures, however, the growth of D, discoideiiM was so slight as to- 
make a claim of true symbiosis untenable (table 1, fig. 2). 

Among species of the Gram-positive, spore-forming bacilli, good 
growth of Dietyostelium discoideum occurred in association with 
Bodllm rnegathenum a,nd B, snbtiliSy as in the preliminary studies, 
discussed above; fair growth took place in association with B. mesen- 
terieMs Trevisan and B, damcus Lohnis and Westerniann; while only 
poor growth occiirred in association with B, cereus and B. mycoides 
Fliigge (table 1; fig. 2). The reduced growth of Dietyostelium in 
cultures with B, mesenterieus, B, danicus, and B, cereus could largel}’’ 
be attributed to a smaller amount of bacterial growth and, therefore, 
of available food for the slime mold than was the case in cultures of 
B. s^ubtUis- mid. B. megatherium. On the other hand, B. mycoides grew 
well upon hay-infiisioa agar but the colonies were not noticeably 
cleared by the m^'^xamoebae. The writer believes that the limited 
growth of the slime mold in this case can be attributed to the physical 
nature of the bacterial colonies. As is characteristic of B. mycoides^ 
the bacilli were arranged in long chains that were not easily broken 
apart, and consequently the myxanaoebae could not readily ingest the 
bacterial cells. There was no indication that the spores of any of the 
bacilli were digested, although in all cases they were ingested in large 
numbers by the m3nxamoebae. ^ The sorocarps were of normal pattern 
in cultures with all bacilli studied. 

Good growth of Dietyostelium discoideum occurred in association 
with Rhizohium md.Uoti Dangeard (isolated from the nodules on the 
roots of alfalfa), and the bacterial colonies were completely consumed 
by the slime mold. On the other hand, only fair growth occurred in 
association with the related species Rhizobium japonicum (Kirchner) 
Buchanan (isolated from soybean), and the bacterial colonies were only 
partially cleared (table 1 ; fig. 2). No growth of Dietyostelium what- 
ever occurred in colonies of Rhizohium leguminosarum Frank (isolated 
from vetch). An explanation of the lack of growth in this latter case 
has not yet been found; the bacteria grew well upon hay-infusion agar, 
and the physical character of the colonies was not essentially different 
from that of i?, japonkum, in which, a fair growth occurred. ■ It is 
hoped that a further study of the growth of D. discoideum in associa- 
tion with different species and strains of bacteria belonging to this 
genus can be undertaken in the future. ■ 

Fair growth of Dktyosfelium discoideum occurred in association with' 
AzoUbader chroocoecum Beijerinck, the bacterial colonies were par- 
tia-lly cleare d, and the sorocarps wem of ' normal pattern ;: whereas poor 

mizodwrn (BudUm rniidcoh Beijerinck) are not 

saprophj'tie bacteria, bat includes tbem her© as a matte** of mnvenienoe. 
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growth occurred in Azotohacter vinelandii Lipman, the bacterial colo- 
nies being only slightly cleared. 

Dictyostelium discoideum grew well in association with Sarcina lutea, 
the bacterial colonies were wholly consiimed> and normal sorocarps 
with yellow sori were produced. D. discoideum grew excellently 
(fig. 2) in association with Sarcina flam De Bary but deyeloped more 
slowly than with /S. kto (table 1). 

Moderately good growth of Dictyostelium discoideum occurred in 
association with a culture of a yellow Micrococcus (sp.?), and the bac- 
terial colonies were completely consumed. The development of the 
slime mold in these cultures was especially interesting, for a large 
percentage of the mature sorocarps possessed closely spiral sorophores 
of regular and exquisite pattern. 

DICTYOSTELIUM DISCOIDEUM IN ASSOCIATION WITH BACTERIA ISOLATED FROM 
CULTURES OP THE DICTYOSTELIACEAE 

While studies with common saprophytic bacteria were being con- 
ducted, as described above, it was considered wmrth while to isolate 
the bacteria from other cultures of the Dictyosteliaceae which the 
writer had in culture and to attempt to grow^ Dictyostelium discoideum 
in association with them. 

The bacteria associated with the several cultures of Dictyosteliaceae 
were isolated in pure culture by the dilution-plate method. The 
identity of the bacterial cultures thus isolated, together with the 
name and catalog number of the culture of Dictyosteliaceae from which 
each w^as isolated, is given in table 2. From this table it will be seen 
that, of the writer^s stock cultures of the Dictyosteliaceae, Dictyo- 
stelium sphaerocephalum was accompanied by three bacterial species 
and Polyspkondylium pallidum (?) was accompanied by two species 
of bacteria, whereas all the others were accompanied by single bac- 
terial associates. Conversely, three shme mold cultures were asso- 
ciated with Vibrio alkaliginesi ihre^ with. Flambaeterium denitrificans 
(Lehmann and Neumann) Bergey et ah, two vrith Pseudomonas 
schuylkilliensis, two with Aerobacier or Achromohacter sp., and one 
each with Ps. convexa Chester, Bacillus circulans Jordan, and F. hue- 
calis (Vignal) Bergey et al. There was no evidence pointing to an 
intimate relationship between the slime molds and the bacteria asso- 
ciated with them. It is interesting to note that Ps. fluoresceiiSj which 
Nadson (f;^), Pinoy (f J, 16), and Skupienski {20, 21) found habitually 
associated with D. mucoroides in Europe, did not occur in a single one 
of the writer^s 10 cultures of Dictyosteliaceae from the United States 
(table 2). 

Inoculation with bacteria and the introduction of pure spores of 
Dictyostelium discoideum into the resulting bacterial colonies were 
accomplished in the manner already described. 

« specific determinations made by, N. R. Smith. 



Hsu'irriiil ass<M-iatt*, j i him Ih at IHctyosi f tin ui dm'oUkti in 


302 


Journal of Agricultural Research 


Vol. 55, no. 4 



1 Determinatioiis made by N. R. SmItJj. 
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The results of these studies are summarized in table 2. The time at 
which pseudoplasmodium formation began is recorded; the character 
of the soroearps is given; and the amount of growth of Dictyostdium 
discoideum in association with the several bacteria is recorded in the 
average number of medium-sorocarp equivalents as well as in the aver- 
age number of large, medium, and small soroearps per bacterial colony 
into which was introduced. As in the preceding 

studies, the values given are averages obtained from detailed counts of 
20 colonies for each bacterial culture. A graphic comparison of the 
growth of D. discoideum in association with the several bacterial 
cultures is given in figure 3. 

As shown in table 2, DictyosteUum discoideum grew in associa- 
tion with each of the bacterial cultures isolated from members of 
the Dictyosteliaceae. 


The growth of the 
slime mold varied ap- 
preciably with the 
different cultures. 
Considering the study 
as a whole, approxi- 
mately average 
growth of D. discoU 
deurn occurred in as- 
sociation with the 
strain of Vibrio alka- 
ligines^ No. NC-4.1, 
which was isolated 
from^ the type culture 
of this slime mold. 

The colonies of the 
three strains of Vibrio 
alkaligmes studied 
were not wholly con- 
sumed by tkeDictyo- 
steMuMy whereas the 
colonies of all other 
bacteria isolated from 
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Figure 3.— Comparative growth of DictyosteUum discoidemn in associ- 
ation with bacteria isolated from cultures of species of the Dictyo- 
steliaeeae. Cultures on hay-infusion agar. 


members of the Dictyosteliaceae were completely devoured by the 
feeding myxamoebae, and the growth of the Dictyostelmm \vas in 
direct proportion to the growth of the associated bacteria. 

Pseudoplasmodia began to develop in 1}4 days after spores of 
DietyoMelmm were introduced into colonies of Aerobaeter or Achromo- 
bader^. and species of Pseudomonas^ whereas they did not appear in 
colonies of the three strains of Vibrio alkaliginei uniA 3 days after 
spore moculation. ■ In colonies of Bacillus circulanSy PlavobaeteriuM 
buccaliSj and F. dmiirificanSy the rate of development of the slime mold 
was intermediate between the above-mentioned extremes. 

♦ Normal soroearps were produced in association vdth each culture of 
bacteria isolated : from the Dictyosteliaceae. In all cases tiie soroearps 
were characterized by evenly tapered, straight, sinuous, or loosely 
spiraTsorophores; circular and flattened or cone-shaped basal disks; 
and white to pale lemon-yellow sori (table 2; fig. 1, A-D). ■ 
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Thv L^ruwtli uiid development of Didyostelmm discoideum m these 
corresponded closelv with that in cultures with common 
saprophytir* liaeteria, both with respect to the amount of growth 
present and itli regard to the pattern of the sorocarps. There was no 
iiidicatioii that bacteria which had been isolat'Cd from the Dictyoste- 
liaceae were favorable for D. discoideum to a greater degree than coni- 
iiioii saprrtpjiytic bacteria, which, so far as known, had never been 
associated with a slinie mold. 

NUTRITION OF DICTYOSTELIUM DISCOIDEUM 

FEEDING HABITS OF THE MYXAMOEBAE 

Because of its large size. Bacillus ‘megatherium was selected as a 
favorable form with which to study the manner in which myx,amoebae 
of this groiip feed upon the bacteria that accompany them. Siich^aii 
investigation seemed particularly pertinent because of the disparity 
in results obtained by Potts (17) and Pinoy (16) with the related 
species, , Dictgostelium mucoroides. 

Hanging-drop cultures were employed for this investigation, and 
hay infusion and hay-infusion agar were used as nutrient media. 
Baedhis megafheraan and pure spores of Dictyosteliuin diseoideurn 
were inoculated together, and the growth of the slime mold was 
subsequently followed in microciiltures by means of a Zeiss water- 
iiiimersion lens. CoiToborating the earlier work of Vuillemin (24)^ 
Pinoy (16'), and Skiipienski (I/), it was found that the bacterial cells 
were ingested by the nn^xamoebae and digested in vacuoles within the 
amoeboid bodies. 

The ingestion of bacterial cells and the subsequent progressive 
digestion of the same \Hthm the bodies of living myxamoebae could 
readily be followed. Different stages in the ingestion and digestion 
of cells of Bacillus megatherium are shown in figure 4. Figure 4, Ay 
shows a myxamoeba shortly after its germination and before active 
feeding bas begun; the hyaline ectoplasm (ccsf), the finely granular 
endoplasm (emd)y and the contractile vacuole (cr), are shown. The 
ingestion and digestion of bacilli by the myxamoehae of 
distoideuru is clearly shown in figure 4, B1-B7. The figures of this 
series show the same myxamoeba at approximately 10-miniite intervals 
over a period of 65 minutes. In figure 4, Bl, is shown a food vacuole 
(cl) of recent formation, and in the successive figures of the series the 
progressive digestion of the bacteria contained within it can be fol- 
lowed. Also shown in figure 4, 51, is the beginning of the ingestion 
of a cliain of five bacilli. In figure 4, 52, the process of ingestion is 
further advanced, and in figure 4, 53, the first three cells of the chain 
have been cut off into a food vacuole dt’2), and the digestion, of the 
bacilli contained in it can be followed in the successive figures of the 
series. In figure 4, 54, the last two cells of the chain have been 
been completely ingested and are contained in a third' food vacuole: 
(r3) and the progressive digestion of' .its contents can like'wdse he 
followed. 

^Froni this series of figures a conception can be gained of the rapidity 
with which jeeding, that is, the ingestion and digestion of bacteria, 
occurs* for in the coiij-se of approximately an hour, five bacilli w’-ere' 
ingested and almost completely digested. The writer’s studies indi- 
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cate that ingestion usually occurs at some point upon the anterior 
portion of the myxamoeba, but can occur and often does occur at any 
point iipon the body surface. It should be remembered; however, 
that anterior and posterior regions in these amoeboid bodies mean 
little, since the identity of the two changes constantly. 

During the digestion of Bacillus megatherium cells, certain changes 
in the form and content of the food vacuoles are regularly to be ob- 
served. These changes are shown diagrammatically in figure 4, Dl 
to D6. First, two bacilli are seen enclosed end to end in an elongate, 
ellipsoid vacuole. The vacuole tends to become spherical, and the 
two bacteria become separated and so displaced that they lie with 
their long axes either perpendicular or parallel to one another. During 
this time the vacuole becomes progressively smaller, and mean-while 
an interesting change regularly takes place within the bodies of the 



Figure 4. — Camera lucida drawings of myxamoebae of Dictyostelium discoideumie^ddmg on cells of DaciUus 
mtgathtr'ium. A, Young my.tamoebae; cv, contractile vacuole; end, granular endoplasm: ect, hyaline 
ectoplasm, B1-B7, a feeding myxamoeba drawn at intervals of approximately 10 minutes over a period 
of 65 minutes; s>l, p2, and r3, food vacuoles. C, Myxamoeba containing iindigestible spores; spores, 
in “1)6. food vacuole showing bacilli in progressive stages of digestion. 

enclosed bacteria. Digestion first becomes evident near the middle 
region of an engulfed bacillus and becomes successively more distinct 
until the bacterial cell is completely digested at this point. The frac- 
tions of the original bacillus become more and more reduced in size 
and usually become further fragmented, while the vacuole becomes 
progressively smaller and finally disappears within the granular 
endoplasm, of the myxamoeba. 

Myxamoebae^ ol Diciyostelium discoideum ingested, and napidly di- 
gested, tlie vegetative cells of Bacillus while • the sp,ores 

although ingested in large numbers, were not digested (%■' 4,^ O).: 

The results of the writer’s investigation upon the manner of feeding 
in Dieiyostelmm discoideum are in agreement with the studies reported 
by Vuillemin (S4)j Pinoy (f ^), and Skupiensld (^1) for D. mucoroides, 
while they were in marked disagreement with the results reported by 
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Potts (.17), who reported that the bacteria were digested extracellularly 
hj tlie iiijxaTiioebae of D. m iim?mdes. 

In this connection it is interesting, to note that in the Myxogastrales, 
a related order of the Mycetozoa, a somewhat similar ingestion and 
digestion of bacteria by the swarm, cells occurs. , This was first observed 
by Lister (9) and has since been studied in detail by Gilbert (4, d) and 
Sinart.^® , 

GROSS CLEARANCE OP BACTERIAL COLONIES BY THE MYX.AMOEBAE 

Working with Dkiyostelium rnumroides, Potts {17) was the first to 
report the clearance and consumption of bacterial colonies by the 
niyxamoebae of the Dictyosteliaceae, and this observation led to his 
discover}" that D. miicor aides wtis dependent upon bacteria for its 
niitririient. In the case of D, discoideum the writer has foimdj as has 
been iioted^ that when spores of this slime mold are inoculated into 
colonies of bacteria upon hay-infusion agar the colonies are completely 
consuined in the majority of cases. Typically, the clearance of the 
colonies occuiTed in the following manner. After spores of D. dls- 
coidemn are inoculated into the center of the bacterial colony, the first 
macroscopic evidence of the growth of the slime mold appears, approxi- 
mately 18 to 24 hours later, as a small, cleared area at the point of 
iiioculatioiL During the succeeding 18 to 24 hours, this area expands 
and the formerly smooth central area of the colony, now largely devoid 
of bacteria, becomes dull and minutely roughened. At the end of 
this period of approximately 1% to 2 days the myxamoebae at the 
center of the colony begin the formation of pseudoplasmodia, and at 
the same time the cleared area is enlarged as the result of continued 
feeding by the remaining myxamoebae. 

Among the factors that influence the rate and extent of clearance 
of the bacterial colony by the myxamoebae of Dictyostelium discoideum, 
may be listed (1) the character of the bacterial growth and (2) the 
composition of the underlying medium. It has already been noted 
that D. discoideum is able to feed only meagerly upon Bacillus mycoides 
because of the mycoid character of the bacterial growth and that the 
colonies of that species are not noticeably consumed. Also, D. dis- 
cmdeum grows poorly or not at all in bacterial colonies characterized 
by the presence of a large amount of giun. An investigation is now 
111 progress on the influence of the composition of the medium on the 
rate and extent of colony clearance. 


UTILIZATION OF KILLED BACTERIA BY THE MYXAMOEBAE 


In the foregoing studies, Dictyostelium discoideum wvas in all cases 
grown in colonies of living bacteria, and the question arose as to 
whether living bacteria were essential to the growth of the inyxamoe- 
bae and the subsequent development of a species of the Dictyosteli- 
aceae. ^ borne studies of a somewhat similar nature were made by, 
eailier iii\ estigators. Potts (17) reported that 'D. Mucotoides could 
grow upon cells of Bacterium jimhrmium that had been killed with 
eliioroiorm but could not grow upon similar cells killed with alcohol or 
etlier, and could not grow upon cells of Bacillus megatherium that had 
been killed by any agent. Pinoy {16) reported that D. mucoroides 


development of the 
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could not grow upon cells of Bacillus fluorescens had 

been killed by ether, chloroform, or other agents, and that the slime 
mold could grow only in the presence of living bacteria. The writer, 
therefore, undertook to determine whether D. discoideum could feed 
upon killed bacteria and, if so, whether normal dcA^elopment of the 
slime mold would subsequently take place. 

Serratia marcescens and AcJiromobacter radiobacter were chosen for 
this study. Two experiments were performed, the bacteria in one 
being lolled by heat and in the other by ultravioiet light. In the 
first of these experiments, colonies of the above-mentioned bacteria 
were allowed to develop for 3 days upon hay-infusion agar in Petri 
plates. At the end of that period the cultures, with the dish covers 
removed, were exposed to flowing steam in the autoclave for 10 
minutes. The plates were then carefully removed in order that the 
floating bacterial colonies would not sink into the melted agar, and 
the medium was allowed to I'esolidih^. To make certain the bacteria 
had been killed, nutrient agar tubes were inoculated with bacteria 
taken from the several colonies. 'iMien it was found that no viable 
bacteria remained, pure spores of Dictyostelmm discoideum were intro- 
duced into the bacterial colonies. Good growth and normal develop- 
ment of D. discoideum occurred in the colonies of killed bacteria. 
The colonies w^ere consumed in a manner similar to that already 
described for colonies of living bacteria. 

Ill the second experiment, colonies of the above-mentioned bacteria 
were grown upon hay-infusion agar for 3 days and were then exposed 
to ultraviolet light, As described above, nutrient agar tubes were 
inoculated with bacteria from the exposed colonies to make certain 
that the bacteria had been killed. Pure spores of Dictyostelmm 
discoideum were then introduced into the exposed colonies and into 
similar colonies that had been shielded from the ultraviolet light. 
Better growth of D. ddscoidmjm occurred in the shielded (living) 
colonies than in the exposed (killed) colonies, but the development of 
the slime mold in the exposed colonies was entirely normal in character 
and sorocarps of normal pattern were produced (fig. 1, A-D), 

UTILIZATION OF NUTRIENTS IN SOLUTION BY THE MYXAMOEBAE 

Since the myxamoebae of Dictyostelmm discoideum, contrary to what 
Pinoy (16) reported for D. mucoroides, "were not obligately dependent 
upon living bacteria, the problem arose as to whether bacteria were 
really essential for the growth and development of species of Didyo- 
sfdmm, iU though limited time has prevented the writer from investi- 
gating this point exhaustively, some pertinent information has been 
obtained., ' " . 

Bacteria-free spores of Dictyostelmm discoideum were repeatedly 
inoculated upon various infusion media made from hay, dung, potatoesy 
carrots, peas, mushrooms, or yeast, and upon a number of synthetic 
media containing varying amounts of peptone and some carbohydrate. 
With. two excep,tions, no growth whatever of the Didyostelium o.ccunred 
in such cultures in the absence of bacteria, and in the two exceptions 
the growth of the slime mold was very slight. These exceptions 
occurred under the following circumstances: (1) Upon an agar medium 
made from the broth of canned green peas, a very limited vegetative 

The writer is indebted to Dr. William Arnold for making the light exposores. 
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irnnvth tho liiyxamoeba.e occurred; the myxamoebae, however, 
reniaiiieii widelv scattered and no pseiidoplasmodia whatever were 
prodiiced. ^2 ‘A very limited growth of Mscoidewn occurred in 
the absence of !>acteria upon media containing 1 percent of lactose 
and from 3 to 5 percent of peptone: here again, myxanioebae were 
few ill number and scattered; however, a few inicppseiidoplasniodia 
devcdoped, aru! from these minute sorocarps were formed.^ 

A third ex])eriiiieiit xcas performed in order to determine wdiether 
the myxanioebae could feed upon products which were of bacterial 
origin but wiiich were not contained within the bacterial cells.^ Large 
colonies of Esefurkhia coli were grown upon a favorable medium and 
when 3 days old were scraped off and suspended in approximately 
iCI voliimes of water. .This suspension was vigorously shaken and 
was then filtered through an L2 Chamberland filter. The imlieatecl 
sterile filtrate was solidified with ste.rile agar, and Petri plates of this 
inediiiin were subsequently inoculated with pure spores of Dictyo- 
stelhnn (Usandeum; Spore germination occurred, but ^no^ vegetative 
growth of the slime mold took place. Thus it was indicated that 
soluble products resulting fro.m bacterial growth could not be used as 
niitri.i 2 ieiit by. tlie nyyxamoebae of D. diseoidewm. 

The writer's resiilts obtained with peptone-rich agar are especially 
interesting, since Xadson (12) reported a meager growth of Diciyo- 
stehuw mncijtiddes in the absence of bacteria in a solution containing 
phospiiates and 0 percent of peptone. The correctness of Nadson's 
work was later c|uestioned by Potts (17) and Pinoy (16), on the basis 
of their studies witli that slime .mold. 

The studies reported by Nadson (12) on DictyosteliuM mmoroides 
and the writer's studies on D. discoideum would indicate that through 
contiiiiied study some synthetic medium will probably be found upon 
which a fair growili and normal development of the Dictyosteliaceae 
can take place in the complete absence of bacteria. 

EELATIOH BETWEEN DICTYOSTELIUM DISCOIDEUM AND 
ASSOCIATED BACTERIA 

A role of importance was first attributed to the accompanying 
bacteria b}’* Nadson (12), who, working wit,h DidyosteUum mucoroides 
in association with Bacillus Jluoreseem liguejaeiems, reported that the 
slime mold and, associated bacteria w^ere symbionts. He believed 
that the bacteria favored the DictyosteMum by creating an alkaline 
reaction in the culture, while the DidyosteUum favored the bacteria, 
by suppljiiig^thein with foodstuffs in the .form of mucus, empty spore 
eases, etc. Skupienski (21) likewise conside,red D. mneoroides to he 
symbiotic with the associated bacteria. He based his belief upon the. 
following points: (1) D. mmoroides wms ahvays associated with bac- 
tiuia and the habitual associate wms a single species, B. fluorescens 
Uquefetpens (12, 13, 20); (2) bacteria were often seen clustered at the 
posterior end of the m5uxamoebae in the region of the contractile, 
vacuole, and this he interpreted as indicating that the mvxamoebae 
excreted something that favored the bacteria. 

Potts (1 7) observed that Dictyostdium mucoroides grew only in the 
presence of bacteria and that it consumed the bacterial colonies in 
which it feci He found no evidence to indicate that the bacteria 
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gained anA^tliing from the association, and concluded that since the 
slime mold could grow with at least fom' different species the relation- 
ship could not be one of symbiosis. 

In terming Didyodelium mucoroides a “bacteriophage ’b ^^uillemin 
(f4) obvioii^ considered the relationship as one approaching parasi- 
tism of the bacteria by the shme mold. Going one step further, 
Pinoy (16) reported that the DictyosteHaceae studied by him could 
grow only in the presence of living bacteria and considered that the 
nivxamoebae were truly parasitic upon the bacterial colonies in 
which they grew. 

If Ward’s (B5) definition, that symbiosis is the cooperation of two 
associated organisms to their mutual advantage, is accepted, the 
writer’s investigations gave no indication of a true symbiosis between 
Didyosielium discoideum and any of the bacteria that have at different 
times accompanied it. As has been shown, the myxamoebae of this 
species ingested and digested the associated bacteria, and the colonies 
of bacteria were in the majority of cases completely coiisimied. On 
the other hand, there was no evidence that the growth of the accom- 
panying bacteria was enhanced in any tvay by the presence of the 
slime mold. Further, the fact that D. discoideum grew equally well 
with many species of bacteria points to an absence of symbiosis. If 
any degree of symbiosis had existed bet’ween the slime mold and the 
accompanying bacteria, the following conditions should have pre- 
vailed: (1) D. discoideum should have grown better in association 
with V^rio alkaUgims, the bacterium that accompanied the original 
eulture, than in association vith bacteria isolated from other species 
of Diciyostelium; (2) D. discoideum should have grown better in 
association with bacteria isolated from other species of Dictyostelium 
than in association with bacteria isolated from species of the related 
genus Polysphondylium; and (3) D. discoideum should have growm 
better in association with bacteria isolated from species of the Dic- 
tyosteliaceae in general than in association with the bacteria that, 
so far as known, had never been associated with these slime molds. 
As clearly showm by the experiments discussed above, such results 
were not obtained (tables 1 and 2). 

On evidence from his own studies, the wvriter is led to consider the 
relationship betwnen the twro organisms as one of a modified or spe- 
cialized type of parasitism of bacteria by the myxamoebae. The term 
''modified parasitism” is used because one does not usually think of 
an organism being parasitized by another organism of greater size 
that itself. On the other hand, if one considers a bacterial colony as 
a distinct entity in itself rather than as an assemblage of individuals 
(i. e., bacterial cells), then Pinoy ’s view that the myxamoebae are 
parasitic upon colonies of bacteria is thoroughly accurate. Perhaps 
more correcth^ the m3^xamoebae should be regarded as predatory on 
the bacteria. , 

It is often convenient to refer to the associated bacteria as “host” 
to the Diciyosfehum^ and to the different bacteria with which D. 
discoideum will grow as its 'host range.’’ It should, ho wnver, ' be 
remembered that these terms are not used here in the usual sense, 
for, as in the case of parasitism, one does not usually think of an 
organism being host to a much larger organism than itself. 



310 


Journal of Agricultural Research 


Voi: 55, ao. 4 


DISCUSSION 

Beeinise of cert^iiii unique featmes in its developmeB,tal history, 
is a peculiarly favorable species with which 
to study problems pertaining to the relation between a member of the 
Dictyosteliaceae and the bacteria that accompany it. ^ The vegetative 
stage in this and other species of the genus is indistinguishable;,, and 
siiiiihiiiy. the formation of pseiidoplasmodia^ in D\ discoidemn is like 
that in tuher Dictyostelia. After the formation of the pseiidoplasnio- 
thaj however j marked diflerences in behavior occur. The compaet' 
pseudopiasmodiiini of D. discokkmi t}q)ically leaves the bacterial 
colony in which it develops, migrates for a greater of less distance 
across the agar surface, and then builds an erect sorocarp. On the 
other hand, the pseiidoplasniodia of other species of the Dictyostelia- 
ceae do not migi'ate, but build their sorocarps directly from the points 
.of origin of the pseiidoplasniodia within the bacterial colony. From 
the standpoint of cultural studies tliis difference is of the greatest 
importance. In migrating across the. agar surface, the pseudo- 
plasmodiiuu of D. diseoideiim divests itself of bacteria and subse.c|_uently 
forms. an isolated sorocarp upon the sterile agar surface. Such soro- 
carps regularly bear spores that are free from bacteria In other 
species, wdiere the base of the stalk always remains wdtliin the bac- 
terial colony, bacteria are carried up the sorocarp during its formation 
or ascend the sorocarp shortly after its development is complete, and 
the spores borne it are not .regularly free from bacteria. 

Dkifjosielium dmoideum can at will be placed in pure-mixed culture 
with any pure culture of bacteria s.imply^by inoculating spores from 
isolated sorocarps into colonies of the selected bacteria. The ease of 
this operation stands in sharp contrast with the methods employed 
b3r Potts 1,17) and Pinoy {16) for securing pure-mixed cultures of D. 
mueomide^s in association with ' bacteria other '.than those with wiiicli 
they isolated the slime mold. Potts (17) initially isolated D. mu- 
mmides in association with Bactenum Jimknatum . To secure a culture 
of the slime mold in association with Baeillm megaihermm .alone, he 
cultured Diefgostelium in succ^sive colonies of B, inegalheriwn until 
Bact, Jimbnatiim wn.s wiiolly eliminated. The technique employed 
by Pinoy (16) was likewise tedious. D. rnucoroides was grown in pu,re- 
mixed culture with B. JImreseens liguejaciens, and spores from such 
cultures w-ere suspended in 'w^ater .and drawm into capillary tubes, 
wiiich were sijbsequently exposed to a temperature of 56° C. for 2. 
.mintites. ^ T.his expopire., according to Pinoy's report, killed the bac- 
teria, while the majority of the spores of D. rnucoroides remained 
viable. Conversely, Skupienski {20} reports that he attempted to 
frey^ spores of the same slime mold from B. fluorescens liguejaciens .by 
this method and found that the bacteria were more heat-resistant 
than the DktfjosteUum spores. 

The present studies show that a member of the Dictyosteliaceae can 
grow* in^ association with a much greater number and with a wider 
range of bacterial species than^w^as known from previously published 
works. ^ Xadson (12)^ Vuilemin (£4), and Skupienski (^0, 21) culti- 
vated Dui^ostelimm rnucoroides in association only with the fluorescent 
bacteria with which they isolat^ the slime mold. Potts (17) suc- 
ceeded in growing the same slime mold in association with three 
species oi bacteria other than Jirnknatunij W'hich originally 
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accompanied Ms culture of Dictyostelium. Pinoy {15, 16) isolated D. 
mueoroides mtli Bacillus fluoy^escens liguefaciens and subsequently cul- 
tivated it in pui’e-mixed culture with seven additional species of bac- 
teria. With the single exception of EMzobium legwninosarum, the 
vuiter succeeded in growing D. discoideum in association with each of 
the 42 pure cultures, representing 32 species of bacteria, which were 
investigated in tMs survey. Included among tMs number were a 
large number of common saprophytic forms and several bacteria 
that had been isolated from cultures of Dictyosteliaceae. From the 
standpoint of classification and natural groupings, the species studied 
included members of the following families (after Bergey et al. (/)): 
Bacteriaceae, BaciHaceae, Coccaceae, Spii’illaceae, and Nitrobac- 
teriaceae (tables 1 and 2). 

Particular attention was given in the present study to establishing 
standardized culture practices and methods that would enable one 
to study and compare quantitatively the growth of a species of the 
Dictyosteliaceae in association mth different bacteria. Objections 
possibly be raised to the methods employed. However, after 
extended study of the problem, the writer is convinced that so long as 
the culture medium is kept uniform in composition and in the amount 
used per plate and so long as the number of colonies and the disposi- 
tion of these colonies on the culture plate are kept constant, the number 
(and size) of sorocarps produced per bacterial colony affords the most 
reliable and the most convenient measure of the growth of a species 
of the Dictyosteliaceae. 

Appreciable variation in the amount of growth of Dictyostelium 
discoideum occurred in association with the different bacterial species, 
and even vdth different strains of the same species (figs. 2 and 3). 
This variation in grow’^th of the slime mold could be attributed either 
to the amount of bacterial growth or to the availability of the bacteria. 
In the majority of cases, the bacterial colonies were wholly consumed 
and the amount of Dictyostelium growth w as directly proportional to 
the amount of bacterial growth. In other cases, the conditions 
within the bacterial colonies were not entirely favorable to Dictyo- 
steliuM and factors other than the quantity of bacteria governed the 
amount of grow^th of D, discoideum. 

When growm upon hay-infusion agar, Gram-negative and Gram- 
positive bacteria alike afforded favorable nutriment for Dictyostelium 
discoideum-. Thus the \vriterh investigations corroborate, in this 
regard, the results obtained earlier by Potts {17), wdio reported that 
D. mueoroides grew well with either Gram-negative {Bacillus fluores- 
ce ns Ikiuefaciens and Bacterium flmbriatum) or Gram-positive (PaciZ- 
his subtiMs and B. megatherium) bacteria. Contrary to these results, 
Pinoy {16) reported that D. mueoroides could not grow with Gram- 
positive bacteria {B. suhtilis mod B. megatherium), and attributed 
Potts’ {17) earlier success to impure cultures in which small Gram- 
negative bacteria accompanied unnoticed the larger Gram-positive 
bacilli. "I uillemin {2Jf.) and Pinoy (I attempted unsuccessfully to 
grow' D. mueoroides in pure-mixed culture with B. pyocyaneus, whereas 
the writer succeeded in cultivating D. discoideum in association with 
this bacterial species. 

What, then, is the explanation of this lack of agreement among 
students of the Dictyosteliaceae? Can the disparity in results be 
explained by an essential difference betvreen Dictyostelium mmcoroides'' 
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and IK dirahofeuiu in their ability to feed upon certaiii ^bacteria? 
The writerT studies do not indicate such an explanation, for in lus 
t^xperieiice the <»:rowtli of D. mucoroides and T). (iiscordeuM in associa- 
tiiJii with the same bacterial species pipon the same medium was 
coiiipHraliie both in amount and in vigor. ^ Furthermore, Potts and 
Piiioy obtained results which were diametrically opposed even when 
they studied the same species of slime mold iD. mucoroicles) in asso~ 
ciatioii with the same species of bacteria i Bacillus subtihs and 
aegatherhi a ). The writer believes that the primary explanation of the 
difference in results obtained by students of this group consists 
neither in a ditTerence between the species or strains of Dictyostelmm 
studied nor in a difference between the strains of bacteria investi- 
gated, but in the difference between the media employed as substrata 
for the bacteiia. Potts {17) used maize-extract media md noted 
that' its chief advantage resided in the fact that its nutrients were 
relatively imavaiiable to the bacteria tested. The nutritive composi- 
tion of tlie li ay-infusion agar employed by ^the writer is not known, 
but it was not a ricli medium and the nutritive materials it contained 
were not of a type that would be readily available to the^ bacteria 
studied. Upon the basis of the writer’s studies with D. discoideum, 
the following conclusion can be stated as a general rule The rnore 
dilute a mediiiiii is in nutrients, or the less accessible its nutrients 
are to a large number of different bacterial species, the more probable 
it is that a member of the Dictyosteliaceae will be able to grow in 
association with a large number of bacterial species upon that medium. 

It is on this basis that the wuiter believes the difference in results 
obtained hy students of the Dictyosteliaceae are to be explained. 
To imderstand the whole situation, the composition and the con- 
centratioii of the media and the fermentive ability of the associated 
bacteria must l>e known. This matter is now being investigated. 

Contrary to the views of Nadson (72) and Skupiensld (21), who 
worked with Dktyosteliurn mucoroides^ the writer found no indication 
of a symbiotic relationship between D: discoideum and the bacteria 
with which it was associated. Rather, the myxamoebae of the slime 
mold should be considered as predatoiy' upon the accompanying 
bacteria. This view, in general, conforms to those earlier set forth 
by Potts (17)^ Vuillemin ( 24)5 and Pinoy (16), There was no indica- 
tion tliat I), discoideum could groW' better in association with bacteria 
which had been isolated from cultures of Dictyosteliaceae than in 
association with common saprophytic bacteria which, so far as known, 
iiad never been associated with slime molds. Furthermore, there was 
no indication that the Dictyosteliaceae are habitually associated in 
nature witli the fluorescent bacteria as indicated by the investigations 
of earlier workers {12, Id, 20,- 24). The evidence would indicate 
tiiat it is purely a matter of chance wdiat soil bacteria the slime mold 
liappens to be pwing mth at the time isolation is made. , It is not 
coiisidereci significant that the majority of the writer’s cultures of the 
Dictyostyiiaceae were associate-d ■■ wdth single species '.'of bacteria 
(table^2), for other species of bacteria, which probably . accompanied, 
the slime molds at the time of their original isolation, could have' 
been weeded out by the repeated transfers incident to laboratory 
cultivation. . . 

Finally, the question arises concerning the possible significance of 
the fact that Dictyostelium dmoidewm is able to grow in association 
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with a large number of bacterial species belonging to widely separated 
groups. D. discoideum is not widely distributed in nature and it is 
probable that this slime mold is not an active constituent of the soil 
flora. On the other hand, from the work of Raper and Thom (19) it 
is known that other species of this group are common in soil and in 
decaying vegetation, and it is possible that these may play a more 
important role in soil economy than has hitherto been attributed to 
them. Assuming that such common forms as D. mucoroides and 
Polysphondylmm liolaceum can likewise feed upon an equally wide 
variety of different bacteria, it is entirely possible that under certain 
circumstances they may alter the bacteriological population of the 
soil appreciably. 

Another significant point brought out by these studies consists in 
the fact that Didyostelmm discoideum is shown to be an exceptionalh^ 
favorable organism with which to study experimentally the relation 
and interaction between a small amoeba (i. e., myxamoeba) of the soil 
and the bacteria upon which it feeds. The following characters 
reconnnend it for such experimental studies: (1) It is easily cultivated 
in the laboratory; (2) it will feed upon a wide range of bacteria 
belonging to diverse groups when these are grown upon favorable 
media; (3) it can be placed in pure-mixed culture with any bacterial 
species at will by selecting isolated sorocarps as spore sources; and 
(4) it forms characteristic fruit structures which immediately identify 
the species. 

SUMMARY 

Dictyosteliiim discoidetm regularly grows within the limits of 
bacterial colonies, but the pseudoplasmodia typically leave the 
bacterial colonies in which they develop and migrate for a greater or 
less distance across the agar surface before forming sorocarps. 

During their migration, the pseudoplasmodia divest themselves of 
all bacteria, and the spores borne in sorocarps formed at a distance of 
0.5 cm or more beyond the limits of the bacterial colony are regularly 
free from bacteria. 

The type culture of D, discoideum was accompanied by the single 
bacterial species Vibrio alkaligines Lehm. and Neum. However, by 
selecting isolated sorocarps, which are bacteria-free, as spore sources, 
the slime mold could be readily grown in pure-mixed culture vdth 
other, bacteria. 

Standardized culture practices were employed and methods were 
developed whereby the growth of D. discoideum m association with 
different bacteria could be quantitatively compared. The amount of 
growTh was ascertained by determining the average number of large, 
medium, and small sorocarps per colony. Quantitative comparisons 
of the growth with different bacterial associates w^ere made by con- 
verting the sorocarps of all sizes into terms of medium sorocarps. 
For such a unit the term “medihm-sorocarp equivalent” has been 
used. ' ■■ 

D. discoideum ■ gx(mn m association with a large number of 
saprophytic bacteria, inchiding representatives of such diverse groups 
as the Gram-negative, nonspore-forming Bacteriaceae, the Gram- 
positive, spare-forming Bacillaceae, the Coccaceae, the Nitrobacteria- 
ceae,. and the Spirillaceae. 
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111 tlie niajoiity' of cases j the bacterial colonies were completely 
coiisiiiiieci by tiie feeding iiwxamoebaej and the aiiioimt of growth ^of 
"D. diMoidenm was directly proportional to the growth of the bacteria. 
Ill other cases, the anioimt of growth was governed by the physical 
character of the bacterial colonies or by unknown factors. 

D, (iiseoideum grew well in association with either Gram-negative 
or Gram-positive bacteria. On the whole, somewhat better growth 
occurred with Gram-negative than with Gram-positive species. How- 
ever, there were exceptions to this rule, fory^ery poor growth of the 
slime mold occurred , with some Gram-negative species, whereas very 
good growth occurred with some Gram-positive forms. 

The growth and development of D. discoideum in association with 
bacteria isolated from other members of the Dictyosteliaceae closely 
resembled that with common saprophytic bacteria. There^ was no 
indication that the Dictyosteliaceae were regularly associated in 
nature with any particular species or group of bacteria. 

The sorocarps were essentially alike in all cultures studied except 
those witli Semitm "where the sorocarps were of normal 

form but were red in color owing to the presence of a bacterial pigment, 
and tiiose with Micrococcus sp., where the sorocarps were of normal 
color but were characterized by closely spiral sorophores. 

The rnyxamoebae of D. discoideum feed by the ingestion and 
digestion of bacterial cells. Spores of the Gram-positive bacilli are 
ingested but are not digested. 

The rnyxamoebae of D. discoideum can feed upon bacterial cells that 
have been killed by heat or by exposure to ultraviolet light; a less 
Ixiiriaiit but normal growth and development of the slune mold 
occurs in ' such cultures. 

A very meager and abnormal vegetative growth of D. discoideum 
was obtained upon pea-broth agar and upon peptone-rich agar, in the 
total absence of bacteria. , 

The rnyxamoebae of D. discoideum are predatory upon the accom- 
panying bacteria and there is no indication that the bacteria gain 
anytliing from their association with the slime mold. Therefore, the 
relationship between the two organisms cannot be regarded as one of 
symbiosis. 

D. discoideum affords a particularly favorable organism with which 
to study problems pertaining to the relation between a small amoeba 
of the soil and the bacteria upon which it' feeds. 

Species of the pictyosteliaceae may be capable of appreciably 
altering the bacteriological flora of decaying vegetation in soils. 
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SUSCEPTIBILITY TO CRONARTIUM RIBICOLA OF THE 
FOUR PRINCIPAL RIBES SPECIES FOUND WITHIN THE 
COMMERCIAL RANGE OF PINUS MONTICOLA‘ 

By J. L. Mielke and T. W. Childs, assistant pathologists, and H. G. LACHMUNDy 
fomierl 3 ^ pathologist, Division of^ Forest Pathology, Bureau of Plant Industry, 
United States Department of Agriculture‘s 

INTRODUCTION 

White-pine blister rust (Cronariium ribicola Fisch.) was discovered 
in western North America in the fall of 1921 (1).^ By that time it 
had become distributed in eastern North America over a large section 
of the range of northern white pine (Pinus strohis L.)? where measures 
were being energetically applied for its control (IS, pp, 80-90). 
Earlier reconnaissance for the disease in the western portion of the 
continent had given negative results, and as for some years rigid 
quarantines had been in eftect to prevent its introduction into western 
territory, hope was felt that the West, with its magnificent stands of 
western white pine (P. moniicoJa Dough) and sugar pine (P. lamber- 
iiana Dough) might be kept free from this destructive parasite 
( IS, p. 82). Scouting in 1922, however, showed the disease to be widely 
distributed on ribes ^ in the coastal region west of the Cascade Range, 
from southvrestern Washington to the northern end of Vancouver 
Island in British Columbia, and over a large area about 100 miles 
north of the international boundary in the interior of British Columbia 
in the region that included the towms of Canoe, Revelstoke, and 
Beaton. Within this range it was found on western white pine at 
numerous points from the Puget Sound section of Washington to the 
northern limits of this species about 150 miles north of the inter- 
national boundary, and also at several points in the infected area in 
the interior of British Columbia {10). 

Studies show^ed that the disease had been present on pines in some 
of the infected areas for several years, evidently having been intro- 
duced near Vancouver, British Columbia, about 1910, and that it 
was spreading and intensifying with great rapidity (5, 10). Evidence 
secured in 1922 and 1923 indicated that wind-borne aeciospores were 
annualiy infecting ribes at distances of over a hundred miles from the 
centers of pine infection and aeciospore production (5, 10). At this 
rate of spread it was obvious that the rust would soon invade the 
commercial range of ’western white pine, which was only a little over 

J Received for publication Dec. 5, 1936: issued September 1937. 

2 The authors are under obligation to J. S. Boyce, Division of Forest Pathology, under whose general su- 
pervision the study was begun; to G. B. Posey, formerly of the Division of Plant Disease Control, Bureau 
of Entomology and Plant Quarantine, for assistance and advice given in developing the basic plan of study; 
and to VT. V. Benedict, C. N. Partingi.on, E. M, Hornibrook, D. D. Lloyd, J. W. Kimmey, C. J. Nusbamn; 
A. A. McCready, and T. S. Buchanan, who assisted in the collection of the data. Especial Indebtedness 
is acknowledged to the late A. T. Davidson, in charge of blister rast investigations for the Dominion Gov- 
ernment, to H. T. Giissow, Dominion botanist, and to other members of the Dominion and Provincial 
Governments for their friendly cooperation during the course of the investigations in Canada. 

« Reference is made by number (italic) to Literature Oited, p. 346. 

4 The genus name Ribes and the common noun ribes are used in this paper to include both currants and 

gooseberries. 
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100' iiliks south, of the infected area in the interior pine belt of British 
Colimibia. This situation made urgent the development of measures 
for the protection of the pine area of northern Idaho and adjacent 
Montana and Washington, and control operations were promptly 
instituted. Spread since 1922 has borne out these assumptions, for 
the rust was first found there in 1928 and is now well established 
within the area (if, 20, 21). 

One of the first problems in connection with research on the disease 
in the West was to determine the susceptibility of western host 
plants, both pines and ribes 875-877, 881-882). In both cases 

inWmation was meager, consisting, in the case of the pines, prin- 
cipally of evidence of high susceptibility in Pinus flexilis {13, f . 75), 
and, for the various species of ribes, being based only on limited 
inoculation tests (usuallj in the greenhouse) in the eastern part of 
the United States {13, fjp. 18-20). ^ ^ ■ 

Preliminary observations in western pine infection centers were 
alone sufficient to demonstrate that western white pine was highly 
susceptible, evidently more so than northern white pine,® and studies 
were started in 1922 to determine the character of infection on such 
ribes species as w'ere present in the infected area. The primary object 
of the studies was to obtain iafomiation applicable to the development 
of measures for the control of the rust. In view of the impending 
spread of the disease into the commercial range of western white pine, 
the most urgent problem in the investigations was to obtain a knowl- 
edge of the susceptibility and telium-producing capacity of the rust 
on the important ribes species in that region. The present paper 
reports the results of these investigations. 

RANGE LIMITS OP WESTERN WHITE PINES IN RELATION TO 
SPREAD OF THE RUST 

White pine species of the region, including the infected areas and 
the^ Idaho vrhite pine aod California sugar pine stands, are western 
white pine, whitebark pine {Pinus alMcaulis lS)nge]m.), limber pine 
(P.jlexUw James), bristlecone pine (P. aristata Engelm.), foxtail pine 
(P. haljonriana Murray), and sugar pine. These species are all known 
to be susceptible to the rust {9, IS, 14)^ Their composite botanical 
ranges in this region and the range of the fungus as determined in 
1922 and in 1932 are shown in figure 1. 

While some of these pine species are valuable only for aesthetic or 
watershed-protection purposes, the commercial value alone of western 
white pine and sugar pine must be calculated in hundreds of millions 
of dollars, and their ultimate value to the region in which they occur 
is much lai^er. 

Western white pine occurs in two belts, which may be designated 
''coastaP' and ''interior.” The coastal belt is one of scattered occur- 
rence of the species. It extends from the southern portion of the 
Sierra Nevada in California, northward through western Oregon and 
TVashington, mainly along the Cascade Range, to Puget Sound, and 
thence through the coastal region of northwestern Washington and 
southwestern British Columbia to about the northern end of Van- 
couver Island. The interior belt centers in the area of northern 
Idaho, nort heastern Washington, and western Montana and stretches 

BoYm. J. S. FAiTOLOOHrAL WYKSTOGATIYE WOEK. Third Western White Pine Blister Rust ' Oonf 
Portland, 1922, Bept. Proc., pp. 56-TO. fMhBeographed.1 rsuster Kust uonr.. 
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northward into British Columbia for about 200 miles. The main 
commercial range of western white pine is confined to the States 
mentioned, where the lumber industry is largely dependent upon this 
tree for its existence. 

Wild ribes are widespread over the entire territory, both inside and 
outside the range of the pines. 



FrotJES 1. — Composite botanlKU range limits of white pine species in the .West and Imowii range of white- 
pine blister rust in 19^ and 1932. 


From the distribution outlined above and from the map (fig. 1), 
it is evident that continuous belts of susceptible white pine exist 
through which the rust may be expected to spread from its known 
areas of distribution in 1922, over both the coastal and the interior 
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range of western wliite pine. The known range of the rust in 1932 
indicates that the expected spread is in rapid progress. 

RIBES SPECIES INVOLVED AND PREVIOUS STUDIES OP THEIR 
SUSCEPTIBILITY 


At the time the rust was discovered in the West in 1921, little was 
known coiiceriiiiig the character or extent of association of ribes wdth 
commercial western wliite pine. By the end of 1923, however, 
reconnaissance ® had indicated that for control purposes the commer- 
cial pine area centering in Idaho falls naturally into two main types — 
the stream which consists of moist stream-bank and bottom 

land cliaracterized by profuse occurrence of ribes; and the timber 
type, whicli extends up and aivay from the stream type and in which 
ribes are more scattered. The most common species found in the 
stream type are Ribes lacustre (Pers.) Poir., E. petiolare Dough, and 
E, imrme Rydb., the last two usually occurring in dense concentra- 
tions. The common species of the timber type are R. tyiscosissimmn 
Pursh and R, lacmire. The last-named is generally more abundant 
numerically in both types than any of the other species. Species 
other than those mentioned are seldom encountered in either type. 

"V^lien the study was started little was known of the susceptibility 
of three of the four ribes species mentioned, and notliing at all of tKe 
fourth , R, petiolare.^ Spaulding in 1922 {IS, pp. 18-20) reported that a 
medium degree of infection developed on a relatively few bushes of 
I?, laeusire^ R. viscosissimuMj and R. inerme w^hen they were subjected 
to tests in the greenhouse and that slight infection developed on R. 
lacustre out of doors. Preliminary results of the present studies were 
reported in 1926 (5), showing susceptibility and telium-producing 
capacity to be Hgh for R. petiolare and R. inerme and relatively low^ 
for R. mcosimmum and R. lacustre. In 1928, Hahn {2, p. 680) 
published results of greenhouse tests with these species in the East, 
wdiieh generally corroborated Spaulding's earlier results there and also 
showed R, petiolare to be susceptible. In neither Spaulding's nor 
Hahn's results, however, w-ere any data given on the telium-producing 
capacity of the ribes, which is a primary consideration in control. 
Moreover, ^ with the exception of R. lacustre, these results include 
nothing with regard to the reaction of the species out of doors. 

Spaulding states, with respect to greenhouse inoculations (IS, p. 16), 
^Tt was felt that gieenhouse tests alone were not dependable for sus- 
ceptibility data.” The writers concur in this opinion. Hart {4, pp. 
930, 944'~^946), working with stem rust of wheat, mentions instances 
in which tests conducted under the unnatural conditions of the green- 
house have given results contradictory to those secured in the field. 
Because of the wide variety of conditions found in nature, it was 
believed ttiat only comprehensive studies out of doors under different 
sit conditions could give a reliable index to the susceptibility of such 
vari^able hosts as ribes, Th^e host® have different growth forms 
withm each species which differ as widely from one another in sus- 
ceptibihty as does one species from ^mother. To reproduce these 
different fo rms and conditions on a sufficient scale in the greenhouse 
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would be quite out of the question. Accordingly, the studies reported 
in this paper were conducted out of doors. 

METHODS 

DEVELOPMENT OF STUDY METHODS 

Determination of the general susceptibility under natural conditions 
of the four most common species of ribes in the Idaho-Montana- 
Washington area, has been one of the principal objectives of studies 
of the rust in the "West. In the reaction of any species of ribes to 
Cronartium ribicola^ two features are of outstanding importance in 
control: (1) The relative importance of a species and its various forms 
in the long-distance spread and local establishment of the rust in 
disease-free regions ; (2) its ultimate capacity, after the rust has become 
established in a locality, for spreading infection to associated pines. 
The first logical step was to obtain a measure of the general suscepti- 
bility of the species, both to infection by aeciospores and intensifica- 
tion by urediospores, together wdth its capacity for producing teJia 
from which the pine-infecting sporidia are developed. 

After the inauguration of these studies, information becamo avail- 
able (15, p, 915) which indicated that the relationship between telio- 
spore production and the production of sporidia was not the same on 
all ribes species, since under natural conditions teliospores remained 
viable for much longer periods on some species than on others. Also, 
the possible existence of varying degrees of longevity and virulence in 
sporidia from different ribes hosts may be inferred from the results of 
studies reported at about the same time (1£, p. 589; 16^ p. 419; 22^ 
pp. 508-509). The potential pine-damaging powers of various ribes, 
therefore, cannot be considered a direct function of their capacity for 
teliospore production, but until further experiments provide more 
definite information on this point an approximately constant relation- 
ship must be assumed. 

Before any satisfactory tests of ribes susceptibility could be made, 
however, it was necessary first to devise a simple method of recording 
infection data that would permit the averaging of results and a ready 
comparison of the data of different years and places. The system 
used by Spaulding {IS, p. 17) of differentiating the infection merely 
by the terms 'light”, “medium”, and “heavy” was inadequate, be- 
cause it did not permit the averaging of results and because the defi- 
nitions of such terms vary considerably with the individual observer. 
Furthermore, the present study was concerned primarily with the 
telium-producing capacity of the ribes as a preJiminaiy measure of 
theiiv potentialities for transmitting the dipease to the pines. Spauld- 
ing’s system gave no measure of this capacity. Systems devised by 
investigators of other imsts (7, 17, 19) were equally inapplicable 
because of differences in the character of hosts and study objectives. 

Concentrating on the features primarily essential to control, as 
given at the beginning of this section, and working with naturally 
infected plants in the vicinity of infected pines in 1923 and 1924, the 
following system of study was devised: 

(A) By individual bushes: 

, (1) Count of leaves produced. 

(2) Count of leaves infected. 

(3) Estimate of percentage of surface infected on infected leaves, 

(4) Count of rust-killed leaves dropped from bushes. 
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(5) Estimate of percentage of infected surface whicli — 

(a) Bore uredia. , . ^ 

(&) Had borne uredia but bad died before producing telia. 
fc) Had borne uredia but had fallen before producing telia. 

(d) Was necrotic, L e., dying before producing any spore stages. 

(e) Bore telia. 

(B) By groups of bushes: 

(1) Counts and estimates of leaves by individual bushes. 

(2) Count of bushes infected. 

(3) Estimate of percentage of leaves infected on infected bushes as a 

group. 

(4) Same as under 3, system A, for the group as a whole. 

(5) Estimate of percentage of rust-killed leaves dropped for the group 

as a whole. 

(6) Same as under 5, system A, for the group as a whole. 

In addition to the observations oiitHned above, descriptive notes 
were taken on any abnormalities encountered and on the general 
character of infection and sporulation. Representative specimens 
of the infection were collected for each species and form to serve as 
permanent records supplementary to the data taken at each exami- 
nation. 

These systems were found to permit rapid collection of data and to 
give readily comparable results of sufficient accuracy for practical 
purposes. In general, after a little experience, percentage estimates 
of the different recorders were numerically within 1 to 5 or less of one 
another in the lower and upper percentage levels, and within less than 
10 of one another at percentages around 50. Errors were usually com- 
pensating. System A was used where comparison between individual 
bushes was necessary. Wliere comparison between groups was the 
primary consideration, system B was used with such modifications or 
additions as were desired for individual comparisons. This latter 
system was far more rapid than the former in covering large numbers 
of bushes, and, although somewhat less accurate as far as any one 
group of plants wms concerned, it decreased the probable error in the 
final results by permitting the use of a much larger basis. 

^ CoUection of the data by the systems just described made it pos- 
sible to compute these data by simple arithmetical methods. In this 
connection the two things of primary consideration in the study were 
(1) percentage of total leaf surface infected, which was obtained by 
multiplying the percentage of the total number of leaves infected on a 
group of plants by the average percentage of surface infected on the 
infected le^es, and (2) the percentage of total leaf surface bearing 
telia, obtained by multiplying the percentage of total leaf surface 
infected by the percentage of infected surface bearing telia. 

SELECTION OP STUDY AREAS 

Prior to the inauguration of this study the wide spread of the rust 
by wind-borne aeciospores was practically confined to the extremely 
susceptible cultivated black currant (Rihes nigrum L.). ' The disease 
was very scarce and seldom found on other ribes species outside the 
general vicinity of infected pines. Of the four ribes species in ques- 
tion, R. laeiisfre was at that time the only one found close to infected 
pines in sufficient numbers to give any definite information of its 
susceptibility. Plants of the four species were therefore introduced 
and planted near infected pines in the spring of 1923. These plant- 
ings were made mainly with cuttings and gave but poor survival and 
results. ■ . . 
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During the season of 1923 the rust was widely distributed by the 
wind to cultivated black currant plantings over the dry belt of British 
Columbia, lying between the coastal and interior white pine belts. 
This belt contains an abundance of all four of the ribes species studied, 
ivMch are wel adapted to this region and grow prolifically. Since 
pines were absent from the area, since spread of the rust from ribes to 
ribes is slight as compared with the distance of spread from pines to 
ribes, and since it was evident that the rust did not overwinter on 
ribes in the region, this belt offered a splendid opportmiity to make 
inoculation tests of naturally growing plants of these species under 
comparable conditions whhput any danger of permanently establish- 
ing the disease or hastening its spread. Tests wmre accordingly begun 
there in 1924 near Kelowna, British Columbia, where the rust had been 
abundant on cultivated black currants in 1923. To this study locality 
'were added twm others in the same belt in 1926, one each near Sum- 
merland and Oliver at elevations similar to Kelowna (table 1), and 


Table 1. — Description of study areas 


Area 

Eleva- 

tion 

SoiD 

Slope and 
exposure 

Vegetation 2 

Remarks 

Interior British Co- 






lumbia: 






Near Kelowna: ! 

Swamp area 

Feet ' 
1,150 

P,t i 

Flat.- : 

G, S, A, B 

Wet, poorly drained flat. 

Canyon Creek 

1,900 

L, G,h... 

Gentle, W,! 

B,A, T, F, 0... 

Somewhat more rain than 
at Kelowna. 

Fairly moist but well drained. 

area. 




Summerland 

1,200 

V 

Gentle, SE. 

B, M, S ^ 

Moist. Some springs. Well 

Oliver 

1,000 

V, S, P-_. 

! Plat 

S, A 

drained. 

Near Osoyoos: 
Haynes Creek 

2,500 

V, S, L„„ 

1 do 

A, C, B, Y, P, 


area. 

.Nine Mile 

3,200 

■ V,S,H,p. 

do 

F, L. 1 

y,F,E,A,M, i 

quent than at Oliver (near- 
est weather station) . 
Semiswampy in places. More 

Creek area. 

Camp McKinney 

4,500 

S, 

do 

L. 1 

T>^. 1 .^ Rj A i 

rainfall than at Haynes 
Creek. 

Much more rain than at 

CoMtal British Colum- 




! 

Eock Creek (nearest weath- 
er station). 

bia: 

Garibaldi (Daisy 






Lakeb® 

Chance Creek 
area. 

Lake area 

.Ne'ar Mile 72, Pa- 

1,100 

1,100 

S, 

S, H,L..- 

- do 

do 

W,H,F,A,C„ 

W, F, A, c, m 


. cific Great East- 
ern Ey.: 





i 

Lower Trail 

2,m 

E, H, L.„ 

Steep, S-__ 

F, A, M, B.-._ 

, Moist in patches but well 

area. 

Tenquil Valley 

4,800 

V,L...„. 

Steep, SE„_ 

H, W, E, I, K, 

drained. Nearest weather 
station. Owl Creek. 

I Moist, swampy for JRBa 

area. 




A. 

tacudre. Well drained for 
R. vUcodmmum. Nearest 
weather station is at -O wl 
Creek. . 


i sravel; H, hmnm; L, loam; P. peat; E, rocky; S, sand; T, sEt; V, volcaaie., .. Capital letters indi- 

^cate abundance. ; ^ , » , , 

s Eey : A, alder; B, birch; C, cottonwood; E, Englemann spruce; F, Douglas fir; G. swamp grasses; H, west- 
ern hemlock: I, alpmefir;,K, whitebark pine; h, larch; M, maples; P, lodgepole pine; S, ^low; T, western 
red cedar; W, white pme; Y, yellow pine. ... . . ' 

® Formerly Daisy Lake; name recently changed to Garibaldi. 

two at Mgher elevations at the edge of the dry belt on Anarchist 
Mountain, east of Osoyoos, British Columbia (Haynes Creek and 
Nine Mile Creek). An additional area was established in 1927 near 
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Caiii|} McKiiiiie3"j sereral miles northeast of Nine Mile Creek. The 
last three areas^ particularly the one at Nine Mile Creek, approach 
more closety the, conditions of the interior white pine stands than do 
those at Kelowna, Summerland, and Oliver. Most of the white pine 
region plant species other than white pine are present, and the climate 
is fairly similar to that of much of the pine region. 

Dining the course of these tests in the interior dr^" belt, a parallel 
series of studies inyolving species of ribes important in the coastal 
region of British Columbia was carried out a,-t- various natural infec- 
tion centers in the latter region. Although Ribes petwlare and R. 
inenm do not occur there, R. lacustre and R. viscosissirnum are native 
and were included at four of the study areas. At three of these areas, 
aeciospores from adjacent infected pines were so abundant that no 
inoculations were necessary because natural infection on the ribes ap- 
proximated that produced 
by inoculation. In the 
fourth area, nearby aecio- 
spore production was insuf- 
ficient and the plants were 
inoculated. The studies of 
R. lacustre and R, mscosis- 
simum in the coastal region 
served not only for com- 
parison of the susceptibility 
of these two species occur- 
ring in the interior region, 
but also afforded an oppor- 
tunity to observe the effect 
of somewhat different cli- 
matic conditions on the de- 
velopment of the rust on 
these two hosts tested in 
both regions. 

A condensed description 
of the various areas is given 
in table 1. ^ Rainfall during 
the growing season at 
weather stations nearest 
the study areas and at 
several points in the Idaho white pine region is shown graphically by 
months ia figure 2. It will be seen that precipitation during this period 
was somewhat more abundant near the coast and in Idaho than in 
interior British Columbia.^ Relative humidities also averaged some- 
what lower in the latter region. As will be shown later, however, these 
differences had little effect on the susceptibility of ribes to the rust. 
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Figuee 2. — Average rainfall during growing <5cason. Graph 
prepared from United States and British Colombia weather 
records op to and including 1 Kecords from the following 

stations were used. For Idaho: Avery, Potlatch, Prichard', 
St. Maries, Priest Kiver Experiment Station, and Pierce. 
For Interior British Columbia: Kelowna, Summerland, 
Oliver, and Eoclc Creek. For coastal British Columbia: 
Garibaldi, Owl Creek (Pemberton Hatchery), and Vancou- 
ver. The latter station has been included because rainfall 
there is about average for a rather large portion of the 
cjoastal region. Averages for the various stations represent 
periods ranging from lO to 33 years. 


INOCULATIONS AND EXAMINATIONS 

The number of bushes of each species tested on areas in interior 
British Columbia is shown by years in table 2. These figures include 
the three growth forms — open, part-shade, and shade — of ribes 
studied. The studies involved 5,098 tests of a total of nearly 3 mil- 
lion leaves on 2,740 different- bushes. Additional details regarding 
the ^sis for each species and form are included later under Results 
and Discussion. 
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Table of Rihes species used each year in the tests on study areas in 

interior British - Columbia 


Species and area 

Ribes bushes tested in— 

1924 

1925 

1926 

1927 

1928 

R. petiolare: 

Swamp— 

N^umber 

93 

Number 

135 

■ 

Number 

153 

Number 

76 

Number 

Suinmerland 

IS 

16 


Oliver. 



82 



Nine. Mile Greek 



148 

144 

145 

Haynes Creek 



96 

50 


Cainp McKinnev 




30 

30 

R. inerme: 

Swamp .. 

90 

104 

166 

66 


Oliver 

66 


Nine Mile Greek _ 




164 

159 

1 159 

R. viscosissimum: 

Canvon Creek.. 

99 

98 

184 

280 ; 

1 150 

Camp McKinney.. 

100 

, 100 

R. lacusire: 

S’wamp.- - - - 



52 

24 

48 

216 

i 47 1 


Canyon Creek 

93 

99 

! 315 i 

157 

Nine Mile Creek ... 

165 

164 1 

164 

Haynes Creek.. 




1 

105 

48 


Camp McKinney 



100 1 

100 






1 In the majority of cases the number of bushes tested in a given year includes some of those tested in a 
previous year or years. 


All bushes tested in the interior dry belt and many of those on 
areas near the coast were artificially inoculated. Under overcast 
skies and when a good rain appeared imminent, the inoculum was 
applied to the under surface of the leaves with the aid of a paper bag. 
The bag was partly filled with freslily sporulating cankers and then 
used as a bellows for puffing the spores into the bushes. This method 
assured a fairly even distribution of spores over the leaves. Each 
bush was given a heavy shower of aeciospores, comparable, it was 
believed, to that which might have occurred naturally had the bushes 
been growing in close projdmity to heavily infected pines. Inocula- 
tions were made in the spring, generally when ribes leaves were young 
and highly susceptible ((?), and were repeated whenever weather 
immediately following the first inoculation was not favorable to 
infection. Leaf development and w^eather conditions accompanying 
each inoculation of plants in the interior are summarized in table 3. 

The test plants were examined at fairly regular intervals during 
each growing season, data being taken as previously outlined under 
Development of Study Methods. During 1924 and 1925, system A 
(data by individual bushes) was used. Tests of greater numbers of 
plants during subsequent years necessitated the use of system B 
(estimates by groups) except in a few special instances where differ- 
ences between individual bushes of the same species were being studied. 
During 1924, when data were recorded approximately once each 
month, great changes in extent and character of infection occurred 
between examinations. Since at that time relatively little was known 
about the development of the rust on these species of ribes, the interval 
between examinations was shortened to 1 or 2 weeks in 1925. In 1926 
and 1927, data were taken every 3 or 4 weeks; and in 1928, eveiy 
month or 6 weeks. ^ Intensification of the rust by urediospores is 
irregular, new mfectxon almost alw^ays developing only after rainy 
periods, but knowledge of the incubation period (75, p. 4^), together 
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witli a, fairly complete record of weather conditionSj generally made 
it possible to s^mchronize examinations with the culmination of each 

ware of intensification. 

Table 3. — Artijidal inoculations of Rihes species on study areas in interior 
British Columbia j 1924~~28 


Leaf development i 


Year 

i 

i 

Areas laoculated 

Hate 

petio- 

lare 


R. 

R. 

la- 

cusire 

Weather following 


JR. 

inerme 

tiisco- 

sissi- 

mum 

inoculations 


fSwamp and Canyon 

May 5-6.-- 

Z 

3 

3 

3 

Warm and dry. 

1924 

1 Creeks. 



May 16-17. 

4 

4 

4 

4 

Hot and dry. 


L...CIO 

May 31 





Showers in evening. 


j-.-do 

May iS 

3-4 

4 

4 

4 

Heavy dew but no rain 

1925 

1 





until May 28. 

1 do 

May 29 





Good showers. 


f do—, 

May 4 

4 

4 

4 

4 

Showers each night. 


ISiminierlaiid and Oliver 

< Nine Mile and Haynes 

I Greeks. 

May 5 

4 

4 



Showers nights, May 5, 6. 
tJnsetcled; rainy nights. 

192S 

May 6-7.-. 

S3 (1-2) 

3(2) 


3 




1 All 1926 areas __ 

May 10-12. 





! Clear to cloudy; no rain 
until evening of May 
13. 

Good showers. 

1 


! 




1 

Swamp and Canyon ' 

May 16 

2(3) 

3 (3-4) I 

3-4 

3-4 


Greeks. 






Siunmerland-,. 

Mav 17 

3 




Bo. 

1927 

Nine Mile and Haynes f 

.‘do 

2 

3-4 

2 

""34’ 

Bo. 


Nine Mile Creek 

June 5 

3 

4 


4 

Good showers June 7, 8, 


1 ,Camp McKinney.--- 

June 6 

1-2 


3-4 

3 

Good rain. 


i /Canyon Creek 

May 11 


4 

4 

Very little rain. 


do- - 

May 21 



5 

4 

Light shower. 


..—do 

May 28---. 



5 

5 

24 hours of rain. 

1928 

Nine Mile Ciwk 

May 30 

4 

4 


4 

Rainy. 

Bo. 

Camp McKinney 

do 

1-3 


3 

3 


Nine Mile Creek — 

June 7 

4 

4 

4 

Thunder shower June 8. 


,Camp McKinney — 

do 

3 


3 

3 

Bo. 







^ Leaf-development stages are classified as follows: 1 , Just breaking from budj 2, up to H apparent full 
size; Zt up to apparent full size; 4, oldest leaves have reached apparent full size; 5, many leaves have 
reached apparent full size and are be:ginning to harden. 

® Kambers in parentheses refer to shade-form plants, other numbers to open form. Where no distinction 
Is 33md©» development was approximately the same in both forms. 

RESULTS AND DISCUSSION 

RIBES GROWTH FORMS 

Test plants of each species were divided into three classes — open 
fornij part-shade form, and shade form — data from which were kept 
separate throughout the study. Bushes entirely exposed to the sun 
during most of the day were classed as open form^ while those receiving 
little or no dhect sunlight made up the shade-form group. Part-shade 
plants were approximately intermediate in exposure to sunlight. 

Since infection is favored by succulence of foliage (S, p. 666; 6; IS, 
pp. 4^-46) f the differences in susceptibility found between the three 
growth forms are largely explained by the differences in the character 
of their leaf ^ development. Open-grown ribes are usually short and 
dense. Their leaves, w^Mch are relatively small and thick, generally 
become quite tough within 4 to 6 weeks after breaking from the buds. 
Shade-form plants are more rambling and loosely branched, with rela- 
tively large thin leaves. Although these leaves toughen to a certain 
extent, the process is slow and never reaches a degree comparable to 
that of open-form leaves (6^ p, 97). Differences in time and degree 
of foliage maturation induced by exposure are very striking in both 
Eibes inerme and i?. lacvsire. Leaves on open and shade R, petiolare 
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differ appreciably^ but infection does not seem to be affected by leaf 
character to the same extent here as in the other species. New 
leaves usually continue to appear on all species and forms until about 
the first of July, after which leaf production is negligible. 

SEASONAL1DEVELOPMENT OF THE RUST ON RIBES 

Characteristic examples of the development of the rust are given 
graphically in figure 3, where percentages of total leaf surface infected 
and total leaf surface bearing telia are shown throughout the season for 
shade-form plants at Nine Mile Creek in 1926 and at Camp McKinney 
in 1928. Examinations are indicated by small circles, and the curves 
between examination dates were sketched from general knowledge of 
the relation between weather conditions and uredial intensification. 
Percentages at any point in figure 3 represent accumulations, to that 
date, of all infection, both living and dead, and the figures throughout 
the remainder of this paper are based on the accumulated totals of 
such infection at the end of each season. 

These examples are fairly typical of the rust behavior on open-form 
as well as on shade-form bushes. It will be seen that during the early 
part of the season the disparities between species offer little or no 
indication of their relative susceptibility as it finally appears. The 
great bulk of the infection on both Bibes petiolare and B. inerme gen- 
erally develops from late June to mid- August, through uredial intensi- 
fication. In the other two species (B. lacustre and B. riscosissimum) 
this midsummer pyramiding of infection is usually relatively unim- 
portant. 

GENERAL SUSCEPTIBILITY OF THE FOUR SPECIES 

Total average infection and telial production on all test bushes in 
interior British Columbia are shown in table 4: and figure 4. Bibes 
petiolare stands far ahead of the other species in both respects. B. 
inerme^ also, is a very congenial host, but B, viscosissimum and B, 
lacustre are relatively resistant and the latter is particularly low in the 
production of telia. Differences between forms are as pronounced as 
those between species, shade and part-shade plants shoving more 
infection and bearing more teha than corresponding open-grown 
bushes. Infection is probably facDitated by more favorable moisture 
conditions in the shade as well as by the greater succulence of shade- 
form leaves. 

Table 4. — Basis of tests and summary of infection on inoculated Ribes plantSj 
interior British Columbia, 19B4-28 


Basis Average total leaf surface i 


Species 

Leavi^ tested 

Bush^ 

1 Tests 2 

Infected 

Bearing telia 

Open form 

Part-shade 

form 

Shade form 

§ 'ic § 

JQ S” 

1 ^ 
o IX, § 

Open form 

Part-shade 

form 

Shade form 

Open form 

Part-shade 

form 

Shade form 

B 

.2 

s 

p* 

o 

© 

''2 

n 

Shade form 


m. 

No. m. 

m. m. No. 

NoJ 


Pa. Pa. pa. 

Pa. 

PdJ 

Pd. 

is. 

603,. .533 

121,372 169,004 

234 150 346 

381 

250 585 

22.6.36.134.8 

20.3 

35.6 

32.7 

M. imrme 

366, 710 

156, 363 m, 161 

218 85 262 

3841 

185 406 

13.9 22.4 23.0 

4.9 

18.8 

18.7 

R. pumsissimum 

89, 226 

66,159 

256 269 

507 

504 

6.6 _ 11.5 

3.5 


7.3 

M. lacmire.^ ^ 

617, 127 

235,568 305,309 

306 132 482 

687 

259 951 

3.4 4.3 ai 

.4 

’ ."7 

2.9 


1 Averages computed on totad-leiaf basis. 

2 The same bush tested .in each of 2 years equals 2 tests, t^ted 3 years equals 3 tests, etc. 
2 Tested during 3 years only (1926, 1927, and 192S). 
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Figuke, 3. —Seasonal developnwjifc of the rast m shade-form rihes. A, At the Nine Mile Oreefe area in 1926. 
Basis: E. pdioiare, m biiste and leavm; M. imrm, 50 bnsbes and 37,540 leaves; E. lacwtre, 50 
hashes and 35,950 leavm. B, At the Camp McKinney area in 1928. Basis: B. petiolare, 30^ hushes and 
4..g00. leaves; E, tmcodmimum, m boshes and 8,4a) leaves: R, lamstre^ 50 hiishes and 14,400 leaves. 
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Data from 144 susceptibility tests, inyolving 34,208 leaves of Ribes 
viscosissrmwnj and from 1,214 tests, involving 420,756 leaves of R. 
laciistre^ in the coastal region of British Columbia, generally substan- 
tiate the results obtained from the tests in the interior for these species. 
Many of the coastal inoculations were unsuccessful because of attend- 
ant unfavorable weather, but in all cases where either natural or 
artificial infection by aeciospores was secured under favorable con- 
ditions the final infection was approximately similar to that recorded 
in table 4. It therefore appears that the greater precipitation and 
higher relative humidity characteristic of the coastal region have little 
effect upon uredial intensification, and that the behavior of the rust on 
ribes within the commercial range of western white pine, where spring 
and summer moisture conditions are roughly intermediate between 



Figuke 4.— Average infection and telial production on ribes tested in interior British Columbia. 


those of the interior and coastal test areas, will not differ significantly 
from that herein described. This assumption is substantiated by 
preliininary results from the north Idaho pine region, which are pre- 
sented in table 5. 

The Idaho infection averages ior Ribes petiolare are similar to the 
corresponding British Columbia averages, but those for S. mscosis- 
simuM &iid R, lacusire are somewhat lower than the ones in British 
Columbia.^ The Idaho data are for 2 years only, but on this basis, 
together with obseryations made at several other localities in the State 
during 5 seasons, it is believed that ribes infection wiU not vary greatly 
from that in British Columbia. The Idaho studies included 562 tests 
involving nearly 400,000 leaves 



330 


Jour-Mil of Agricultural Besearch 


Vol. 55, no. 5 


Table 5, — Infection on naturally infected Ribes, Idaho, 19SS and 19S4^ 





— 

Basis 

Total leaf surface 




Bushes 

Leaves 

Infected 

Bearing telia 

Place and area 

Species 

Year 

e s g 
.§ .Sg -2 
c Si ■§ 

§ 1 
•2 |S 

^ ‘f 

g 

& 

g 

g 

s g 

cc o 

A § ® 

g 

-S 

S 

A.q 

a 

a 

VJ 




s i 


cS 

ft 

ss 

ft 

S 

C8 




O ^ tZ2 

O fC 

02 

o 

ft m 


ft 

CO 




No. No. No. 

No. No. 

No. 

Pet. 

Pet. Pet. 

Pet, 

Pet. 

Pet. 


peMoiare,.. 

ri033 

20 25 

24,510 14,215 


34.40 40.201... 

33.80 

39.60 



11934 

20 25 ,,.- 

25 25 25 

15.145 8,950 


12.09 

27-17 .... 

11. 99 

27.14 


Fernw 00 'd,Grys- i 


fl933 

4,195 5,045 

7,785 

.53 

1. 01 0. 66 

.17 

.52 

5. 61 

tal Cre€k. 

11934 

25 25 25 

5,761 4,920 

11, 878 

.42 

.83 .76 

.36 

.79 

.74 

: Mum. 

II 

25 25 25 

51, 895 29, 645 

33,725 

.18 

.73 2.42 

.02 

.26 

1.04 

i 

; [R. iaeustTe 

25 26 25 

44,095 62,885 

33, 135 

.03 

.11 .72 

.004 

.04 

.44 

Elk River, Ruby : 

(,12. iacmire 

/1933 

11934 

25 — . 
25 — . 

...... 6,725 

13, 351 



2.06 .... 
3.60 


.70 

.99 


Creek. 

L— do 

fl933 

.... 25 .... 

2,289 



6.66 .— 


4. 83 



11934 

A— 22 .... 

1 3,571 



.92 .... 


.48 



Clarkia* St, ^ 
Maries River. : 

fi?. -peimkre 
{i?. imrme A., 

1933 

1933 

A... 25 

A-,, 25.... 

! 3,625 

3,250 




36.00 .... 
7. 50 


32.90 

4.68 

— - 

|i2. lacmtre 

1933 

.... 25-— 

5,875 



3.30 .... 



1.08 



1 All the rite plants for which data are given were growing in close proximity to heavily infected pines . 

J Only 1 examination was made of these bushes, on Aug. 17. Shortly after that date the bushes were 
destroyed, by blister-rust eradication crews. No doubt considerably more rust would have developed 
on them, for intensification of the disease was taking place in this vicinity until about the first part of Oc- 
tober. Bata were taken on all the other groups for both years until intensification had ceased. 


EEACTION OF INDIVIDUAL BUSHES WITHIN GROUPS 


Individual ribes bushes of a given species frequently show a very 
marked difference in their reaction to white-pine blister rust. The 
extent of this variation, as illustrated by the differences in percentage 
of leaf surface infected wdthin groups of the four species and their 
forms under consideration, is indicated in table 6, which shows the 
number of bushes of each group in the different infection classes. 

The individuals composing each group of these bushes occurred 
within small limits, the radii of which seldom exceeded 50 feet. On 
each area the ground was nearly level and in general the environ- 
mental conditions to which the bushes 'were subjected appeared fairly 
uniform. There was no evidence, therefore, that variations in en- 
vironment were great enough to affect significantly the reactions of 
the individual bushes to the rust. 

Practically all infection estimates during and after 1926 were 
made by groups rather than by individual bushes; data are therefore 
presented for only the 1924 and 1925 tests. However, since no 
bush vras used more than once during the 2 years, these data are 
based on a good assortment of individuals. They may be con- 
sidered fairly representative of the degree of variability lisually 
encountered within test groups throughout the study, in spite of the 
fact that infection averages differed appreciably from the final figures 
for all groups as shown in table. 4. 

Within the groups represented in table 6, individual infection 
ranged from less than 1 percent of the leaf surface in all forms to 
about 70 and 75 percent, respectively, for the open and shade forms 
of Bibes 'peiidhre; 75 and 90 percent, respectively, for the open and 
shade forms of B, inermefAB &nd 70 percent in. B.viscosissimum; and 
about 10 and 70 percent in B, lacusirc. These maxima are in most 
cases still considerably below the greatest actually recorded during 




1 Averages computed on bush basis. 
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the course, of tMs study. Individual plants of B. petiolare liave 
frequently been, observed with over 90 percent of the leaf surface 
infected/ In one case at Camp McKinney, in 1928, a group of 30 
shade-form bushes of R. petiolare averaged 71.3 percent of the leaf 
surface infected. The shade and part-shade forms of this species 
have already been shown by the averages in table 4 to^be the most 
susceptible of all the species and forms represented in the tests. 
The data in table 6 for the shade-form group tested in 1925 are there- 
fore decidedly atypical. 

The maxima for Ribes inerme in some of the groups other than 
those at present under consideration sometimes exceeded 90 percent 
of the surface infected, although the leaves of this species are much 
more susceptible to injuiy from the rust than are those of E. petiolare^ 
and usually wilt and fall to the ground before such a degree of infec- 
tion is reached. Occasional bushes of R. viscosissimum and the 
shade form of B. Imustre also ranged considerably higher in percent- 
age of leaf surface infected than shown, while bushes of the open form 
of R, lacustre frequently exceeded the indicated maximum by large 
margins. For group 1 of the shade form of R. lacustre in table 6, 
how^ever, the average degree of infection and the extent to which 
the bushes range into the heavier infection classes are far greater 
than usually encountered in this form and species. 

The distribution of the samples of Ribes petiolare shown in table 
6 mdicates that this species is made up of at least two strains, one 
resistant and the other highly susceptible. Because of insufficient 
data, the values in tMs table do not give a correct impression of the 
proportion in which the resistant strain occurs. While exact figures 
are^ not available, observational experience throughout the study 
indicated that not more than 10 or 15 percent of the bushes possessed 
resistance of that order, the rest ranging mainly from moderate to 
veiy^ high in . susceptibility. 

Ribes inerme (table 6) shows a similar though less marked tendency 
toward division into strains. R, viscosissimum exhibits a dispersion 
of the bushes over a considerable range of susceptibility, with a con- 
centration in the resistant classes. The open fonn of R. lacustre 
Bhoyrs a characteristic concentration of the bushes in the extremely 
resistant classes. Disregarding the atypical case of group 1, which 
has already been mentioned, the shade foim show^s a typically 
light infection, although individual bushes may exMbit a fairly high 
susceptibility. 

General observations indicated that the technique employed in 
these tests largely, if not entirely, eliininated the effect of irregularities 
m the inoculations. Infection resulting directly from aecial inocula- 
tions is of relatively small extent in all species (6, p. 109) (see also fig. 
3), the gi*eat bulk of infection on the susceptible plants developing 
later m the season by means of uredial intensification. This is usually 
the case even when bushes are showered with great quantities of aecio- 
spores All of the groups now being considered, and practically all of 
the other plants tested during the study, were inoculated more heavily 
man necessary to secure approximately maximum initial infection. 
Therefore, and since pains were Taken to secure as even distribution 
of the moculum over the foliage m possible, it may be assumed that 
variability of individual bush^ in extent of infection was not the 
result of inequalities in inoctdatiom 
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It will be seen (table 6) that for no species can infection be considered 
approxhnately uniform^ even when bushes are subject to the same 
general environment. Because of this variability, results secured 
from small numbers of bushes are extremely unreliable mdices of gen- 
eral susceptibility. When the effects of dissimilar environments and 
wide local and annual differences in weather are considered, it is ob- 
vious that a large basis is necessary for the determination of average 
susceptibility. 

INHERENT DIFFERENCES WITHIN SPECIES 

Evidence of inherent differences in susceptibility between bushes of 
the same species, particularly Bibes petiolare, has already been pointed 
out in the discussion of table 6. The extremely light infection of the 
shade group of this species at the Kelowma sw^amp in 1926 and^ 1927 
may be considered as additional evidence of the existence of resistant 
strains in this species.^ Besides this group, there also occurred at this 
same area the five groups of B. petiolare included in table 6 and three 
others composed of open-form bushes, or a total of nine separate 
groups. With the exception of one very lightly infected group, all 
open-form groups became abundantly infected every year they were 
tested, w%ile only one of the shade-form groups developed infection 
enough to be termed moderate in amoimt. In every group, however, 
there were resistant and susceptible individuals. Some of these indi- 
viduals were inoculated as many as 4 years and consistently maintained 
their resistance or susceptibility during that time. Also, at all the 
other areas wffere B. petiolare occurred there were individuals exhibit- 
ing these characteristics, and this was true for the other species tested 
at the various localities. 

All nine groups of Bibes petiolare mentioned above occurred on a 
relatively small portion of a large level swamp formed by the gradual 
recession of a lake. The resistance showm by the shade group in 
1926 and 1927, therefore, cannot be ascribed to a difference in site 
factors but must be considered as probably inherent. Individuals 
in this group, in many cases apparently derived by layering from a 
common origin, generally became infected either very lightly or not 
at all, while others, closely associated or even intermingled with the 
resistant bushes, were much more severely attacked. Hahn 
table 2) records the occurrence of several immune plants of B, petiolare 
in a series tested in the greenhouse, and in another publication {S) 
clearly demonstrates that wide differences in susceptibility exist 
between horticultural varieties of both B. nigrum L. and B, sativum 
Syme. 

In an effort to obtain additional information regarding the extent 
of inherent differences in susceptibility within the same species, a 
number of bushes previously found to range from resistant to hdgldy 
susceptible were selected from each species and form and tested 
during a period of 2 yearn or more. Each group w^as composed of 
plants^ growing fairly close to each other and under environmental 
conditions as simffar as possible. Results are illustrated in figures 5; 
and 6, where data from four representative groups are presented 
graphically. 

^ See section eafcltled ‘‘Local and aiiiinal differences in mfection.” 

r6;962_„,a7_2 , , 
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While clitf ereiices were far from being entirely consistent^ in general 
a biisli severely infected during one year also displayed relatively 
Mdi siisceptibilitv during the other years. Likewise a considerable 
proportion of the bushes exhibiting extreme relative resistance 
vdtliin a group did so consistently. 

In general, Ribes petiolare was of uniformly high susceptibility and 
but little affected by weather conditions; however, the small pro- 
portion of the biishes^of this species that were resistant were extremely 
and consistently so. The apparently low susceptibility of bushes a, 
5, and r in figure 5, xi, and a, 6, c, and d in figure 5, B, as compared 
witli that of the remaining bushes in^ these groups, tends to confirm 
the evidence of the existence of a resistant strain or strains. ^ In the 
other three species there are less definite indications of inherent 
intraspecific differences in susceptibility, and any such differences as 
may occui* are apparently not so great as in R, petiolare; the available 
eviclence (e. g., fig. 6, B) suggests, however, that even here they may 
be of appreciable magnitude. 

DJIVELOPMENT OF TELIA BY SPECIES 

The proportions of the infected leaf surface which bore or for various 
reasons failed to bear telia are shown for the different species and their 
forms in table 7. Ribes petiolare and the shade and part-shade forms 
of J2. inerme developed telia over most of the infected surface, while 
J?, lacmire and the open form of 2?. inerme were much lower in the pro- 
duction of telia. R. viscosissimum was intermediate between the two 
types. 

Table 7. — Percentage of infected leaf surface which bore or failed to hear telia on 
inoculated Ribes, interior British Columbia, 1924--28 


Infected leaf surface i— 


Species 

i 

i 

Bearing telia 

Bearing uredia but 
dead before pro- 
ducing telia 

Lost through 
partial defolia- 
tion 3 

Necrotic 

Open form 

Part-shade 
form 3 

Shade form 

Open form 

1- 
Ta S 

l-s 

at 

Shade form 

Open form 

Td 

'35 S 

Shade form 

Open form 

Part-shade 
form 3 

Shade form 


Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 


cent 

cent 

cent 

ceM 

cent 

cent 

cent 

cent 

cerd 

cent 

cent 

cent 

B. pdMare j 

m.n 

m.7 

M.0 

6,0 

0.7 

1.5 

3.0 

0.4 

4.2 

0. f) 

0.1 

^ 0. 2 

R. imrme 

35.2 

84.0 

81.3 

24.9 

■5.7 j 

8.3 

34. 2 

7.8 

8.2 

5.0 

2.2 

2.0 

B. vi$cmimimvm 

53.0 

. 

63.5 

29.4 


19.2 

8.4 


5.6 

7.3 


9.7 

R. immire 

11, g 

16.3 

36, 8 

79,8 

80.2 ^ 

46.6 

3.2 

0.3 

4.4 

5. 1 

2.8 

10. 0 


^ Basis, ail plants tested, as in table 4. 

^ Inelades imraral defoliation as well as that induct by rust and drought before telia could be produced. 

2 Testeii during Z years only, 

« In most cases Ias*’gi3iacftnt percentages of the infected leaf surface still bore uredia at tbe time of. final 
examination; conawsuently the percentage® shown here usu^y total slightly und,er 100^ for each form, of each 

species.' 

Table 7 indicates that necrosis, i. e., death of infected leaf surface 
before either fruiting sta^e appears, was of comparatively little 
significance and that only in the case of open-grown B. inerme was 
falling of infected leaves from the hushes an appreciable factor in 
the reduction of telial spomlation. Most of the difference between 
infection and telial production is accounted for by death of leaf surface 
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bearing media. This occurred most commonly in the species and 
forms of relatively low telial production and was most striking in the 
case of J?. lacustre, where it was apparently intensified by the warmth 
and dryness of midsummer. The great majority of the telia produced 
by this species developed at a relatively early date. Because of the 
partial loss of infected leaves in the natural cast of early-formed foliage 
and the failure of the rust to spread to other leaves, it is often difficult 
during the latter part of the growdng season to find the rust on R, 
lamstre^ even on bushes initially well infected. 

Telial production per unit of leaf surface infected showed a general 
tendency in the present tests to increase with the percentage of leaf 
surface infected (table 8). This relationship was not sufficiently con- 
stant, hownver, to permit the certain prediction that because a species 
exhibits high susceptibility to infection it will have a similarly high 
percentage of the infected surface bearing telia, or vice versa. Varia- 
tion in tliis relationship is evident between the species and forms 
shown. For example, the open form of Ribes merme^ with an average 
of nearly 14 percent of the leaf surface infected, bore telia on only 
about 35 percent of the infected surface, while the shade form of R. 
viscosissimum^ with only 11.5 percent of the surface infected, bore 
telia on 63.5 percent of the infected surface. Similarly, there are wide 
discrepancies between production of telia on the various forms of R. 
lacusire and on the open form of R. viscosissimmnj wliich falls in the 
same range as R. lacustre in percentage of leaf surface infected. Mielke 
and Hansbrough (8) found a far more extreme example of lack of 
correlation in the case of R. roedi (Reg.) Cov. and Brit., one of the 
most important California species. Tests of this species over a period 
of 2 years gave an average of about 46 percent of the leaf surface 
infected, while only about 0.7 percent of the leaf surface bore telia. 
In this case infection hastened defoliation of the test plants to such a 
degree that most of the infected leaves fell before teha could be pro- 
duced. This species was tested outside its range, however, and may 
possibly show a considerably higher telial productivity in Cahfornia. 

Table 8 . — Percentage of leaf mrf me infected in relation to percentage of leaf sur- 
face bearing telia on inoculated Ribes^ interior British Columbia^ 1924~28 


Species an<i growth form 

Lmt 

surface 

infected 

Infected 

surface 

bearing 

telia 

Species and growth form 

Ij©af 

surface 

infected 

Infected 

surface 

bearing 

telia 

i?. ptUolaTe (part shade) 

E. peimlsre (shade)-. 

E. inerme (shade) 

E. petiolare (open)-.- - 

E. inerme (part shade) ' 

E. inerme (open) _ 

Percent 

36.1 

34.8 

23.0 i 

22.8 ^ 
22.4 

13.0 

Percent 

98.7 
&f.O 
81.3 

89.8 
84.0 
35.2 

E. tmcosissimum (shade). 

R. lacmlTe (shade)— 

R, msmehsimum (open)„ 

E. lumMre (part shade) ' 

R. l&cmtre (open) 

Percent 
11.5 
8.1 
.6.6 
4.3 
. 3.4 

Percent 

63*6 

36.8 

63.0 

16.3 

1L8 


Thus, while there is a general tendency toward positive correlation 
between percentage of leaf surface infected and percentage of infected 
surface bearing telia, this correlation is by no means afeolute. The 
leaf tissues of Ribes petiolare are comparatively thick and strong and, 
once infected, are generally capable of sustaining and permitting the 
growth of rust hyphae until a good crop of telia is produced. The 
shade and part-shade forms of R. inerme are also high in the percent- 
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age of infected surface bearing telia.;, but the open form is j*e]atively 
low beeaii.se of the susceptibility of its tissues to rust and drought 
injury. R. riscmissimrim^ while relatively low in susceptibility^ is 
relatively liigli in the percentage of the infected surface bea,rmg telia. 
The tissues of this plant are more resistant to .rust and, other injury 
than are the ope.n fo,rin of 5. merme and all forms of R. lacusfre. The 
latter species produces te.lia from relatively small proportions of the 
infected siirfacej although under favorable conditions the shade form 
andj to^a lesser degree, the part-shade form sometimes show a good 
production of telia. The open form is characteristically meager in 
telial prodiictioii. 


TE,LIOSPORE PRODUCTON BY SPECIES 


There are great differences between species in teliospore production 
per unit of leaf area bearing telia. In seme cases telial columns are 
small and sparse, while in others they are comparatively large and so 
abundant as to be almost matted. "The latter is frequently the case 
with Ribes peiiolare, the infected surface of which characteristically 
prodiices a relatively dense stand of well-developed telial columns. 
The distribution of the columns is somewhat sparser on the infected 
surface of R, inerme^ but the columns are frequently longer, particu- 
larly on the shade and part-shade forms. Very short stout columns 
are commonly noted on R. viscosissimum, and their distribution is 
usiiaJly more scattered than on R. inerme, Telial development on 
R, ■hrustre in nature is almost always relatively sparse, and the 
columns are generally small in diameter although often quite long. 
Data in table 4 are therefore unsatisfactory as indices of teliospore 
production. 


Taylor (18) has made counts of telial columns and teliospores for 
several ribes species, including one (Ribes lacustre) involved in the 
present study. Her results, unfortunately, are not generally appli- 
cable, since the averages given were determined for units of total leaf 
surface rather than infected or telium-bearing surface. In the present 
study, relatHe values roughly expressing the difference in teliospore 
production per unit of leaf surface bearing telia were secured by ocular 
estimate of the average relative density and bulk of the telial columns 
on the telium-bearmg surface for each ribes species and form. These 
estimates, based on comparative study of the extensive collections of 
representative specimens taken during the tests, and relative values 
indicative of the actual differences in teliospore production between 
■ the vanous species and forms, are given in table 9. 

Other studies not ;^t reported have demonstrated that either 
Mibes meoshmmum or R. lacustre is quite capable of spreading enough 
iniection under natural conditions- to destroy associated pine The 
enormous potential pine-damaging power of R. petiolare and B, ^ merme 
fuHe 9 readily inferred from the comparative ratings in 
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Table 9, — Relative teliospore-production estimates for inoculated Rihes species^ 
interior British Columbia^ 1924.-28 

EELATIVE PRODUCTION OF TELIOSPORES PER UNIT OF TELIUM-BEARING 

SURFACE 1 



Form of species 


Open 

Part shade 

Shade 

R. petiolare.... 

100 

85 

75 

R, inirme. 

60 

70 

80 

R. viscostssimum 

10 


15 

R. lacmtre 

5 

6 

7 


RELATIVE TELIOSPORE PRODUCTION PER UNIT OF TOTAL LEAF SURFACE 2 


R. petiolare 

R. inerme 

R. viscomsimum. 
R. lacmtre 


2, 030 3, 026 

2,452 

294 1,316 

1,496 

35 

109 

2 4 

20 


1 Arbitrary scale: Relative mass of telial columns per unit of leaf surface bearing telia=100 in open-grown 
R. petiolare. 

2 Tbe numbers given are relative values indicative of tbe actual differences in teliospore production 
between the various species and forms. The values were derived by multiplying average percentages of 
leaf surface bearing telia in table 4X100Xthe corresponding estimates shown in the upper part of table 9. 


LOCAL AND ANNUAL DIFFERENCES IN INFECTION 

Tke relative susceptibility and telial productivity of these four 
species and their forms in nature are fairly constant, aiad the average 
susceptibility of any one of them in Idaho seems to be about tbe same 
as in British Columbia despite some rather distinct climatic differences 
between the two regions. (See fig. 2, tables 4 and 5, and discussion.) 
There are, however, pronounced local and annual variations in the 
amount of infection in response to differences in the weather. An 
idea of the range of such variability may be gained from table 10, in 
which infection on groups of bushes in several different localities is 
shown for 2 or 3 consecutive years. In each locality the same groups 
of bushes were used during each year for which results are shown. 

For the best initial infection from aeciospore inoculations in nature 
two conditions were found to be essential in the present tesfe: (1) 
That the leaves be young, which is their most susceptible stage (d), 
and (2) that favorable moist periods occur immediately following the 
inoculations. For uredial intensification thereafter a good distribu- 
tion of favorable moist periods in synchronization with the production 
of urediospores is more important than the total amount of precipita- 
tion. Weather conditions during the 3 years differed widely in these 
respects. ■ , . , " 

Spring in 1926 was one of the earliest on record, stimulating an 
exceptionally early vegetative development of ribes. Favorable in- 
fection weather during the early part of the season, but mainly after 
the leaves had passed their most susceptible stages, was followed by 
severe drought which begaB in early June and continued into the latter 
half of August. In 1927 the season was late, with a corresponding 
retardation of the commencement of ribes leaf deYelopment. Early 
in the season moisture conditions were favorable, with precipitation 
above normal in May and early June. From then through July pre- 
cipitation was somewhat below normal but web distributed, and there- 
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after it was considerably above Bormal as well as favorably distributed. 
Spring in 1928 was late, as in 1927, but most of May w^as relatively 
dry. Eains commenced in tbe latter part of May and from tben into 
July precipitation was well above average and well distributed. TMs 
early-summer moist weather was succeeded by subnormal rainfall in 
August and by extreme drought during the remainder of the season. 
Monthly rainfall records covering the period from April to November 
at weather stations nearest the study areas are given for 1926 to 1928, 
inclusive, in table 11. These records have been compiled from daily 
weather reports which were used in the analysis of the above-mentioned 
infection conditions. 

Table 10 . — Local and annual variation in severity of infection of Rihes species, 
British Columbia, 1926-28 


Growth form, species ^ and locality 

Total leaf surface 2 — 

Infected 

Producing telia 

1926 

1927 

1928 

1926 

1927 

1928 

Open form:. 







B. petMare: 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Kelowna swamp. 

27,9 

40.2 


27.8 

36.7 


Nine Mile Cree'k 

51.4 

35.0 

3.0 

51.0 

34.3 

3.0 

R. inerme: 







Kelowna swamp. 

1.9 

44.6 


1.9 

14.7 


Nine Mile Creek 

5.5 

21.4 

10.0 

3.4 

1.8 

3.6 

if. mcosissimum: 







Canyon Creek 

.6 

12.4 

17.1 

.2 

3.3 

4.7 

Camp McKinney 


7.5 

y 


6.5 

,4 

B. lacustre: 







Canyon Creek 

.05 

13.6 

3.9 

Trace 

.8 

.5 

Nine Mile Creek 

.9 

4.9 

. 7 

.1 

.4 

.2 

Camp McKinney 


12.6 

8.7 


1.4 

1.8 

Shade form: 







M, pefioiare: 







Kelowna swamp.. 

.03 

1.5 


.03 

1.4 


Summerland 

30. 0 

46,6 


29. 8 

38.0 


Haynes Creek 

1 20. 7 

37.0 


20.5 

35.3 


Nine Mile Creek 

1 46.5 

36.8 

20.0 

46.3 

36.4 

19.6 

Camp McKinney... 


65.7 

71.3 


63.0 

65.4 

i2. 





Kelowna swamp 

21. 1 

34.4 


21.1 

30. 1 


Nine Mile Creek 

18.7 

29.1 

10.4 

17.3 

20. 5 

8.2 

R. mmmmlmum: 







Canyon Cr^k 

.9 

11.8 

22.9 

.3 

4.7 

6.9 

Camp McKinney 


12.3 

10.9 


11.4 

7. 5 

B. iacusire: 






Kelowna swamp 

-01 

7.2 


Trace 

3 5 


Canyon Creek 

.1 

19.8 

4.6 

Trace 

2.3 

.6 

Haynes Creek 

2-1 

13.8 


.4 

6.4 


Nine Mile Creek .... 

7.5 

10.2 

1.0 

1.1 

3.4 

.3 

Camp McKinney. 


13.3 

11.2 


8. 9 

3:4 








s.TliB number of boste used .as a basis' in each test ranged from 16 to 64 but was usually about 50.. 
» .Leaders mdimte that the group was not tested. 


Weather at^ the time of inoculation in 1926 was favorable to in- 
fection, but ribes leaves were too far ' advanced {6) for best results 
except at the Nine Mile Creek and- Haynes Creek areas. In these 
two localities the development^ of v^etation was 7 to- 10 days beMnd 
that at lower elevations and rib^ leaves bad not passed , beyond the 
.highly susceptible ytage at . the time' of' inoculation. ' 
intensification was limited by the decidedly subnormal rainfall during 
June and July . 
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Table 11. — Ram f all ^ near study areas during growing season^ interior British 

Columbia, 1926-28 


Locality and year 

April 

May 

June 

July 

August 

Sep- 

tember 

Octo- 

ber 

No- 

vember 

Kelowna: 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

1926 

0.58 

1.13 

0.33 

0.20 

1.20 

0.96 

1. 08 

1.49 

1927 

.23 

.81 

.96 

.33 

1.97 

2.71 

1.76 

2.95 

1928- 

1.34 

.82 

1.86 

1. 03 

.64 

.82 

.10 

. 49 

.57 

Normal—,- 

.73 

.79 

.56 

.84 

1.05 

1. 12 

1.14 

Summerland: 









1926 

.83 

.98 

.69 

.16 

.83 

.55 

.73 

.72 

1927 

.28 

.82 

.90 

.54 

1.37 

2. 17 

1.34 

2.57 

1928-.,- 

1.57 

1.16 

1. 48 

1. 65 

.23 

.01 

.39 

.35 

Normal.. 

.72 

.75 ' 

1.03 

.51 

.69 

.78 

.89 

1.02 

Rock Creek: 









1926 

.76 

1,31 

1.53 1 

.25 ' 

2. 16 

2.15 

1.44 

1.54 

1927 - - 

.59 

1.62 

1.93 I 

.50 

1.25 

4.06 

1.22 

2. 61 

1928 

1.40 ' 

.40 

3.76 : 

1.73 

.52 

1 .00 

.42 

,42 

Normal 

LOO 

1.18 

1. 83 i 

.98 

.96 

1.09 

.89 

L 19 

Oliver: 






I 



1926 

.33 1 

.48 

.49 ! 

.24 < 

1. 43 

i 1.36 

.94 

;85 

1927 

.23 1 

.77 

1.55 

.20 

.96 

1 1. 62 

.73 

1.59 

1928 

l.CO i 

.58 

1.31 

LOO 

.28 1 

i .00 

.23 

.50 

Normal 

.43 ! 

.45 

.97 

.26 

.43 

.68 

.67 

.90 


J From British Columbia Department of Agriculture weather reports. 


The season of 1927 was outstandingly favorable for the develop- 
ment of the rust over most of the region. A good synchronization 
of the early susceptible stages in ribes leaf development and suitable 
weather generally attended the inoculations, resulting in good initial 
infection, and the well-distributed precipitation that followed encour- 
aged an abundant uredial intensification. Mild rains from May 17 
to June 13 stimulated the development of the rust on JRihes lacustre 
particularly, since any decided increase of infection in this species is 
limited, by the nature of its susceptibility, to the early part of the 
season. The only test groups on which infection was less severe than 
in 1926 were at Nine Mile Creek, where both open and shade forms of 
J?. petiolare showed relatively less rust in 1927. Growth starts 
several days later in this species than in associated ribes, and by the 
middle of May, at the time of the first inoculations in 1927, only a 
few small leaves had appeared on the Nine Mile Creek bushes. A 
second inoculation in early June was not immediately followed by 
rain, and the initial infection resulting from the inoGulations was 
therefore relatively light. Although infection intensified well later 
in the season, it did not entirely overcome its original handicap on 
these plants. i2. imrme is very sensitive to weather conditions, and 
the open form of this species suffered so much defoliation during a 
local midseason heat vrave at Nine Mile Creek that very little in- 
fected surface was left to produce telia. 

In 1928 a considerable wait was required before weather favorable 
for inoculations arrived, and by that time, in late May and early 
June, the leaves had generally passed their most susceptible stages 
except at Camp McKinney. The plants at Canyon Creek were 
inoculated three times, and although many of the leaves were matur- 
ing and becoming resistant, infection was facilitated by showers 
foflowdng two of these inoculations. The rust developed particularly 
well there on Ribes viscosissimum. In this species, age of leaves at 
time of initial infection exercises less influence than in any of the other 
three ribes species (d). R. lasmtre, the oiilj other species tested 
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there, showed a decided reduction in degree of infection compared 
with that which it developed in 1927. Leaves of all the ribes were 
still fairly susceptible at Gamp AdcKinney, but were becoming re- 
sistant at Nine Mile Creek, and therefore relatively little infection 
developed at the latter place in spite of favorable weather conditions 
following two inoculations. The prolonged dry spell beginning in 
late suniiner reduced subsequent intensification over the entire region; 
haraig an exceptional effect in the case of open-grown E. petiolare at 
Nine Mile Creek, where leaves, normally susceptible throughout their 
life, became leathery and resistant. Because of the importance of 
late pyramiding of infection in this species, the drought exercised an 
extremely retarding influence in this case. 

Another group which exhibited an extraordinarily wide reduction 
from 1927 levels at Nine Mile Creek was the shade form of Ribes 
laeustre. By the time of the inoculations here in 1928, the leaves of 
tills form had hardened off to a stage of such resistance that there 
was comparatively little initial infection or subsequent intensification. 

Still another group to show a reduction in infection from 1927 
levels was the open form of Ribes tnscosissimum at Camp McKinney. 
This was surprising in view of the fact that the open form of R. 
laeustre there showed but a relatively slight reduction. Initial 
infection was lighter on both groups than in 1927, but a good wave of 
intensification raised the percentage of surface infected on the i?. 
laeustre while the rust on E. viscosissimum remained practically at a 
standstill. ^ 

Considering the species individually (table 10), Ribes petiolarej 
with the exception of the open form at Nine Mile Creek in 1928, 
showed the smallest percentage of seasonal variation in the degree 
of infection. In this case the resistance was clearly induced by an 
extraordinary effect of the weather on the host. The shade-form 
plants of R. pe^iolare at the Kelowna swamp showed high resistance 
in both 1926 and 1927, while the open-form plants were heavily 
infected in both years. Here the resistance appeared to be primarily 
inherent, for conditions for infection in the shade at this place were 
favorable in both years, as indicated by the reaction of the shade- 
form plants of J?; imrme nearby. R. petiolare as a rule maintained a 
high degree of susceptibility and was consistently high in the propor- 
tion of its infected surface that bore telia. Tins was true whether 
resistance appeared inherent, as in the case of the shade form at the 
Kelowna swamp, or induced, as in the case of the open form at Nine 
Alile Creek in 1928. Observations of the part-shade form of this 
species, aside from the results under immediate consideration, indicate 
that its reactions are similar to those of the shade form. 

The shade form of Ribes inerme was generally similar to that of 
R. petiolare in uniformity of local and seasonal infection and in the 
ratio of the percentage of surface bearing telia to the percentage of 
surface infected. At the same time its open form in the same places 
and years was highly variable in both respects (table 10). The very 
light infection of this foim at the Kelowma swamp in 1926, as com- 
pared with the heavy infection there under the more favorable 
weather conditions of 1927, and the low proportion of infected leaf 
surface bearing telia on the Nine Mile Creek plants in 1927, as com- 
pared with the relatively high proportion bearing telia on these plants 
under the lighter infection conditions of 1926, clearly illustrate this 
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point. As already shown, the frequent failure of this form to bear 
telia abundantly under conditions of heavy infection is caused pri- 
marily by its susceptibility to injury and defoliation from rust and 
drought before telia can be produced. The foregoing conclusions 
for this species, in addition to being supported by all results in the 
present tests, were further substantiated by observation of its be- 
havior at two centers of heavy natural infection in north Idaho. 
The part-shade form generally resembles the shade form in its reac- 
tions. 

The data for both forms of Ribes lacustre and R. viscosissi7nu7n in 
table 10, with the possible exception of the results at Camp McKinney 
for the shade and open forms of R. lacustre and the shade form of 
R, mscosissmurrij indicate a high degree of variability in seasonal 
reaction to the rust wdthin a relatively limited range of susceptibility. 
As a rule these ribes species show a considerable degree of variation 
in their group reaction from season to season both in percentage of 
leaf surface infected and percentage of infected surface bearing telia. 
In other words, they may vary from almost immune in an unfavorable 
season to moderately susceptible when conditions are especially 
favorable for rust development. Of the two. B. viscosissimum appears 
the more dangerous as a potential source of infection of white pines, 
at least as far as ability to produce telia is concerned. 

Elevation is a local environmental factor which has an influence 
on the phenology of both the rust and the host. The short growing 
seasons at high elevations provWe a more limited period for uredial 
intensification. At such elevations, ho'wever, the greater and more 
frequent precipitation may create more opportunities for infection, 
thus resulting in a greater abundance of rust on ribes at higher than 
at lower elevations, particularly in a dry season. 

Another environmental factor of some local importance in variation 
in the development of rust is the occmrence of dew. At the Kelowna 
swamp and to a lesser degree at Canyon.and Nine Mile Creeks there 
was evidence that heavy dews caused uredial intensification. This w^as 
also observed along the bottoms of many of the moist canyons in the 
white pine belt of north Idaho. Intensification from dews is generally 
much less than that caused by rains. 

From the foregoing discussion it is evident that weather and local 
environmental conditions influence the development of the rust on 
ribes directly and by affecting the host. The important effect of host 
phenology upon initial infection and subsequent intensification has 
been mentioned. For the best initial infection it is essential that the 
period in which ribes leaves are in their most susceptible stages of 
development be synclironized with the period of maximum aeciospore 
production and with moisture conditions favorable for infection. To 
assure the maximum intensification thereafter, moist periods favorable 
for infection shoifld come at frequent intervals coinciding with periods 
of abundant urediospore production. Normal irregularities in weather 
during the season almost invariably prevent any such ideal comcidence 
of favorable factors, although such conditions may occasionally be 
approached in one locality or another. In this respect climate is 
perhaps primarily important in its influence on the rust. On the 
other hand, abnormally cold or hot spells or other unseasonable 
W’eather conditions at any time during the growing season may and 
frequently do completely upset the processes of iniection and inten- 
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sificationi primarily tlu’ough their influence on the host. Thus, to 
use an extreme example^ the development of ribes leaves and aecio- 
spores may be stimulated by early-season warm weathery rains may 
follow and" good infection take place, and then the plants may be 
locally or generally defoliated by frost or drought.^ 

To s umm arize, Rihes petiolarej disregarding its resistant form, 
wliich probably does not represent more than 10 to 15 percent of the 
species, and ^sregarding exceptional cases where a rather high degree 
of resistance was encountered, appears to be the most uniform of all 
species in its local and seasonal reaction to the rust. In general, it 
ranges from moderately to very highly susceptible and produces telia 
aWndantly from the infected surface. The shade form of R. inerme 
exhibits smiilar uniformity but is less susceptible and considerably 
lower in telial production. The open form of this species shows con- 
siderable differences in amount of infection and telial production from 
one year to another. This variation is apparently caused by sensitive- 
ness of this form to abnormal temperatures and drought. R. lacustre 
and B. viscosissimum are generally resistant, but in their more sus- 
ceptible forms, and particdLarly in the case of JS. viscosissimumj may 
be moderately susceptible when weather conditions are favorable. 

GENERAL RESULTS 

The results of the study indicate a susceptibility and capacity for 
telial production in Ribes petiolare approaching that of the cultivated 
black currant from plantings of which damaging infection has been 
known to spread to pines for over a mile. R. inerme compared 
favorably with other highly susceptible wild species from concentra- 
tions of which instances of similar spread have been observed. Even 
the relatively low telial production of B. viscosissimum and B. lacustre 
is known to be sufficient under moderately favorable conditions to 
seriously damage aspciated pines. The studies have given results of 
basic value in devising scouting programs to determiue the extent of 
spread of the rust,^ and in the development of control plans (^0). 

SUMMARY 

TMs papp reports the results of studies of the white-pine blister 
rust in British Columbia and Idaho. The investigations were under- 
taken to determme the susceptibility and telium-producing capacity 
of the four principal ribes species m the commercial range of western 
white pine (northern Idaho, northeastern Washington, and western 
Alontana), as a prelimmary measure of the potential pine-infecting 
power of these species^ . 

^ Since the tests were concerned entirely with the probable compara- 
tive importance of these ribes species in spreading infection to pines, 
methods used in other rust investigations were not applicable. New 
systems of recording data, developed to meet the needs of the study, 

are fully described. 

The four species studied were Ribes petiolare^ R. inermey R, vis- 
cosissimumj and R. lacustre^ all of which were present in the range of 
the rust in British Columbia. The studies were conducted under 
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natural conditions and included 5,098 tests (nearly 3,000,000 leaves 
on 2,740 different bushes) in interior British Columbia, from 1924 to 
1928, inclusive, and 1,358 tests (nearly 500,000 leaves) in the coastal 
region of British Columbia. Eesults were substantiated by 562 
tests (nearly 400,000 leaves) conducted in the white pine region of 
northern Idaho during 1933 and 1934. Eibes species other than those 
studied are seldom encountered in the commercial range of western 
white pine. 

Ribes petiolare was found to be extremely susceptible, approaching 
cultivated black currant in both severity ol infection and production 
of telia. R. inerme is also highly susceptible, under very favorable 
conditions, equaling or surpassing R, petiolare in extent of infection, 
and bears abundant telia when growing in the shade. J?. viscosis- 
simum and R. lacustre are more resistant. The latter occasionally 
becomes moderately infected, but is almost always quite low in pro- 
duction of telia. When density and size of telial columns are con- 
sidered, the relatively greater teliospore production and potential 
danger to associated pines of R. petiolare and R, inerme appear even 
more pronounced. Infection is heavier and telia are more abundant 
on plants in the shade than in the open. Data on average infection, 
telium production, and teliospore production are given for open, shade, 
and part-shade forms of each species. 

Eelative susceptibility and ratios of telium production to percent- 
ages of leaf surface infected remained fairly constant, but weather and 
other environmental factors caused pronounced local and annual 
differences in the degree of infection between individuals and groups 
of individuals of the same species and form. It also appeared that 
variation was affected by the inherent differences in susceptibility 
between individuals. 

Eesults of the studies have been of basic value in formulating plans 
for control of the rust in northern Idaho and adjacent Montana and 
Washington. 
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A MICROCHEMICAL COLORIMETRIC pH PROCEDURE 
FOR DIFFERENTIATING THE TELIA OF CRONARTIUM 
RIBICOLA AND C. OCCIDENTALEi 

By Ruby J. Agree, assistant pathologist^ and Warren H, Goss, formerly junior 
chemist, Diidsion of Forest Pathology, Bureau of Plant Industry, United States 
Department of Agriculture ^ 


INTRODUCTION 

Efficient control of the white-'pine blister rust (Cronartium rihicola 
Fisch.) is dependent upon early recognition of advance infections on 
ribes. As the distance between the areas in the West infected respec- 
tively with G. rihicold and with (7. occidentale Hedge., Beth., and Hunt 
grows shorter, the differentiation of these two rusts in all stages becomes 
increasingly necessary. The present work was undertaken because 
there was no known method of differentiating the twm rusts in the telial 
stage. Very frequently from August to the end of the season the 
ribes leaves collected bear telia only. It was highly desirable that the 
differentiation be a quick, 100-percent effective method, applicable to 
small and sparsely infected specimens such as advance infections are 
likely to furnish. All the standard biological stains that had been tried 
failed to give any differentiation. Measurements of length and 
mdth of the telia of the two species gave unsatisfactory data, showing 
definite differences between the averages of a considerable number of 
specimens, but overlapping and therefore of no significance when 
applied to one unlaiown sample. 

It was assumed that certain constant differences in morphology, 
physiology, and behavior occurring in the other spore stages of these 
two species were concurrent with some basic physical-chemical 
difference in the telial stage, however small or variable. Because 
pH measuring methods indicate by color very minute differences in 
acidity or alkalinity, which can have marked influence on the phjrsical- 
chemical properties and reactions of tissue constituents, a series of 
exploratory studies of pH reactions wms made. 

RESULTS OF EXPLORATORY EXPERIMENTS 

Though the exploratory studies involved different methods of 
approach and were constantly refined and changed, from the very 
beginning all the findings were consistent and supported the theory 
of the reactions occurring in this procedure. 

The results of these preliminary studies showed some chemical dif- 
ference in the two species as indicated by their action upon various 
indicators, the effects of indicators on them, and differences in the pH 
values of measured quantities of water in which weighed amounts of 
telia w^ere extracted. In each case, however, the difterences w-ere 

1 Received for publication Feb. 16, 1937 ; issued September 1937. This work, which was done at the Bureau of 
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those between the averages for a number of telia, and overlapped in 
mucli tlie saiiie wa.y as spore measurements. They were consistent 
for not over 70 percent of the specimens tested and negative or without 
significance for the others, or else verj^ slight or transitory. ^ For 
instance, some indicator solutions or mixtures^ containing indicator 
solutions produced colors in the two species differing in hue as much 
as two indicator solutions 0.1 to 0.5 pH apart. It was, however, 
impossible to establish color standards with any of the methods de- 
veloped in these preliminary experiments because the initial color of 
the teiia of both species is yellowish, ^ ranging from light honey to 
reddish brown, and varies in hue and intensity ^ more within a single 
species than an indicator varies m hue and intensity over 0.4 to 0.5 Hp. 
Furthermore the phenolsulfonphthalein indicators, the precise appli- 
cation of which to pH problems has been developed ^ by S. F. Acree 
and his coworkers are yellovr on the acid side and intensely red, green, 
or blue on the alkaline^^side of their range. Obviously the combination 
of the variable initial color of the teiia with the color of the indicator 
results in color massing and proportionate variation in the final color, 
and only a procedure resulting in two distinct colors, separated on 
the spectrum, would supply unmistakable differentiation of these two 
species. As pointed out previously, it was also necessary to have a 
method applicable to both sparsely and heavily infected specimens, 

EQUIPMENT AND PROCEDURE 


A procedure w^s finally developed that caused the teiia of Cro- 
nartinwi occiderdale to appear a bright green and those of C. ribicola a 
brilliant blue, when viewed under the compound comparison micro- 
scope or the compound microscope with a magnification of 108 X . 
Citations to color charts for a more accurate description of these 
colors are given along with other details of the procedure. 

The procedure consists essentially in consecutive measured exposure 
of the teiia to 0.1 N hydrochloric acid, distilled w-ater, and 0.001 M 
bromphenol blue adjusted to pH 7.6 (three units above the pH color 
range (3. 0-4.6) of this indicator). Exposure to the acid and water is 
measured by the time interval of and the amount of agitation during 
each step. Exposure to the indicator is controlled by regulating the 
thickness of the film of indicator in the mount. The exploratory ex- 
periments gave evidence of a minute but not easily demonstrated 
physical-chemical difference between the two species. The procedure 
intensifies and amplifies this difference and expresses it in two definite 
and unmistakable colom. 

The critical factors in the procedure seem to be the balance between 
the exposure of the teiia to the hydrochloric acid and to the water 
and the choice of indicator and its pH adjustment. If the concentra- 
tion of the acid solution, the length of the time intervals in acid or 
water, or the pH value of the bromphenol blue are changed at random, 
the results vary over a wide range of yellow, brown, green, blue, 
purple, and mixtures of all or. any of these colors, or.the two species 


« Bif.ge, R. T., and Agree, S. F. o.n" the otko-ne phenolate theory op indicators, a sfectro- 
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may stain the same shade of green or blue, different shades of green 
or blue, or both green and blue in the same mount. It is probable 
that variations in the exposures and concentrations used m this pro- 
cedure could be rearranged so that the balance would not be destroyed 
and the results would be the same. 

The success of this procedure indicates that a combination of mi- 
crochemical technique and pH procedure may offer new possibilities 
for the differentiation by color of species and varieties otherwise in- 
distinguishable. There is a definite need for such methods in the stud}^ 
of such groups of fungi as the rusts, where the lack of any known 
method of artificial cultivation deprives the investigator of this prolific 
source of criteria for species identification. 

For readers who may be concerned with solving a similar problem, 
the procedure will be described as it was carried out during the develop- 
ment of the process and will, therefore, include the equipment and 
handling necessary for putting two preparations through the same 
treatment, separately and as nearly simultaneously as possible. An^^ 
discrepancies in equal processing of the two samples, due to the neces- 
sity of starting one first, were kept at a minimum by starting one 
sample first in each separate step of the process and then repeating 
and starting the other sample first each time. 

The following items were assembled ready for use: 

(1) A dissecting microscope; wide-angle lenses greatly increase comfort and 
efficiency. 

(2) A comparison microscope equipped with a 9X ocular and 16-, 8-, 4-, and 
2-mm objectives, but for these experiments the 16-mm objective would have been 
sufficient. 

(3) Samples to be tested: Pieces of ribes leaves one-eighth to three-eighths of an 
inch across bearing some normal fully developed telia. 

(4) A clean, highly polished curved scalpel with square end and convex cutting 
ed^e. 

(5) A clean, polished, slender-tipped pair of forceps. 

(6) A small water-color camePs-hair brush with the bristles cut off straight across 
the thickest part of the brush. 

(7) A bottle of 0.1 hydrochloric acid. 

(8) A beaker of 100-cc capacity, containing 50 cc of distilled water. 

(9) Four glass jars or flasks with tops or stoppers of about 30-cc capacity, each 
containing 25 cc of distilled water; two jars to be used for first washing and two for 
second washing. 

(10) A supply of small torn pieces of absolutely clean dry filter paper. 

(11) Some chemically clean cover glasses and slides, with labels. The labels 
must be pasted on without smearing excess glue out onto the slide, to avoid chem- 
ical contamination. 

(12) Wash bottle or beaker containing distilled water. 

(13) A waste jar or beaker. 

(14) Two watch glasses about 2 inches in diameter, each containing! ccof 0.1 N 
hydrochloric acid. This acid should be put in the watch glasses just before start- 
ing the test. 

(15) O.OOIM bromphenol blue adjusted to pH 7.6, preferably in a pyrex drop- 
ping bottle. 

(16) Some sterile surgeons' gauze. 

To cut down tlie time of manipulation and so keep the processing 
of the samples of the tvro species as nearly simultaneous as possible, 
the same camePs-hair brush, forceps, and scalpel were used in each 
step and for both species. After each single manipulation, however, 
the instrument used was washed in distilled water and dried on sterile 
surgeon^s gauze. The possibility of introducing error-producing 
chemicals through contact with the gauze was checked by previously 
boiling the gauze in distilled water for 10 minutes and comparing the 
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pH reading of tliis water with that of the same quantity of distilled' 
water from, the same source-, boiled 10 minutes. The gauze produced 
110 change in the pH value of the water. 

The procedure is as follows; 

(1) Note the starting time and drop the samples of leaves, with 
teMa-bearing surfaces down, into watch glasses containing 2 cc of 
0.1 N hydrochloric acid. 

(2) Ijiider the dissecting microscope, reverse the samples so that 
the teiia are up and vuth the camel" s-hair brush tease air bubbles from 
the teiia and leaf surfaces; turn back so that the telia-bearing surfaces 
are down; agitate by giving the watch glasses two left-to-right motions 
with the hand. 

(3) Twenty minutes after starting time, agitate again by two left-to- 
right motions with the hand. 

(4) Twenty-seven minutes after starting time, agitate again. 

(5) TMrty minutes after starting time, with forceps remove the leaf 
samples from the acid, touch with filter paper, pass through the water 
in the lOO-ec beaker, touch with filter paper to remove excess water, 
and put into the jars containing the first wash water and agitate. 

(6) Forty-five minutes after starting time, agitate the jars con- 
taining the" sainples and first wash waters, and with forceps transfer 
the samples to the second wash water and agitate. 

(7) Sixty minutes after starting time, agitate the second wash 
waters coiitaining the samples, remove the samples with forceps to the 
slides and place them to one side of mounting spaces on slides that are 
already in focus under the dissecting microscope, 

(8) "Draw excess water from the samples with filter paper but leave 
enough to keep the teiia thoroughly wet. 

(9) Putting the scalpel close to the bases of the teiia, lift or drag 
them from the leaf. When about a dozen are removed to each slide 
drag them to the centers of the areas intended for moimts, remove 
excess w'ater with filter paper, put enough broniphenol blue, pH 7.6, on 
each lot of teiia to make a film between the slide and cover glass about 
the same thickness as the thickness of the teiia, and put on the cover 
glasses. 

(10) Remove the slides at once to the comparison microscope for 
observation. During the process of removing the teiia from the leaf 
samples and putting on the brompbenol blue, pH 7.6, the teiia must 
stay wet, but excess pools of water must be avoided. Obviously an 
excess of water would affect the indicator. Under the comparison 
microscope it will be observed that the indicator immediately sur- 
rounding the teiia of borii species at first turns yellow. This yellow^' 
slowly diffuses into the indicator of the remainder of the mount, and 
more or less rapidly the teiia of Cronartium ribicola become blue and 
those of C oeeidentak green. This takes from 5 to 15 minutes. 

Wlieii the blue or green of the teiia approaches its maximum 
brilliancy, place the slides under the dissecting microscope and with 
filter paper draw off all the indicator possible. This must, be done 
quickly and be so manipulated that' all is drawn from around the teiia 
at least, so that any small remaining amount must not contact the 
teiia. ^ Press^ the cover glass firmly down upon the teiia and slide by 
apphung weights or wrooden pinch-type clothespins. This must be 
done so that the mount is as neariy -as possible the thickness of the 
teiia but in ashing of the latter should be avoided. A. little experience- 



Sept. 1, 1937 


A Microchemical Colorimetric pH Procedure 


351 


is needed to develop judgment as to when to draw off the indicator to 
secure brilliant but not overstained preparations and how much pres- 
sure will make a thin mount without crushing the telia. 

Staining vdtli the residual indicator is evidently greatly intensified 
by the evaporation of the water and proportionate increase in the 
concentration of the indicator. This can be easily and quickly con- 
trolled by running paraffin oil under the cover glass as soon as the 
colors attain the desired intensity. This makes a clearer, more 
transparent preparation, but the mount is too messy and dust-collect- 
ing for any tiling but temporary use. 

Understaining results in softer, less true blues and greens; over- 
staining, in bluish or greenish black. The mashed telia are always 
paler and sometimes a less true blue or green. This may be due to the 
smaller mass of color in a thinner layer of cells or to some chemical 
reaction that occurs when the tissue is crushed. It is not necessary to 
leave the clothespins on more than 20 to 30 minutes, but no harm is 
done if they remain on overnight. After the clothespins or weights are 
removed, these preparations can be stored away from the dust and kept 
for several months without ringing with balsam, but it is necessary to 
handle them carefully to prevent the cover glass from slipping off. 
For this reason slides that are to be kept should be ringed with Canada 
balsam or collodion too thick to run under the cover glass. To 
facilitate ringing, the balsam can be warmed; but if it contacts the 
telia, their color is sometimes changed. Preparations sealed with 
balsam or collodion retain their transparency and full differential 
color values for at least a year. 

Oil mounts can also be made by removing the clothespins or weights 
and the cover glass, adding a drop of paraffin oil, replacing the cover 
glass and ringing the mount with ShulFs cement. Very clear slides 
that will keep from 6 to 10 weeks are so obtained. In time, however, 
the colors lose their brilliancy. 

As stated previously, the differential characteristic of this process 
is that Cronartmm ribicola stains blue and C, occidentale green. The 
blue will vary from a brilliant deep hue to a duller or paler blue and 
the green from a deep bluish green to a softer grayer or pale green. 
Not all the telia on a slide stain evenly; some are deeper or paler, 
harder or softer, more or less true blue or green, but O. ribicola appears 
definitely blue and C, occidentale definitely green, under a magnifica- 
tion of 108 X. For accurate description of these colors, Ridgway’s ® 
Color Standards and Maerz and Paul’s® Dictionary of Color were 
consulted. Because of the transparent quality of the colors in the 
latter, both the greens and blues were best matched in it. The blues 
corresponding most closely to the blues in the O. ribicola telia are 
found in Maerz and Paurs plate 34 L 7-12, and the greens matching 
those in C. occidentale best are found in their plate 30 L 6-12. Of 
Ridgw^ay’s colors, the blues matching best are those in plate YIII, 
light cerulean blue, cerulean blue, oxide, and Antwerp blue, and the 
greens matching best are those in plate VII, fight blue, Guinea, and 
dark viridian green, and plate XVIII, oriental and dark yellowish 
green.'" ■ 

Upon further study with a magnification of 160 X or more, it is 
evident that the blue telia of Cronartium ribicola are made up of 

s Ridgway, R. color stahdards AND COLOR NOMENCLATURE. 43 pp., illus. Wasbington. D. C. 1912. 

8 Maerz, A., and Paul, M. B. a dictionary of color, ^7 pp., illus. New York. 1930. 
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white matrix or cell wall and deep-blue spores or spore contents with 
sometimes a little yery pale yellow matrix at the tip. Those of 
C. ocetdeuMe have a yellow or pale yellow-green matrix, green or 
green-blue spores or spore content, with sometimes a few scattered 
patches of blue where the indicator has evaporated on the telia sur- 
faces. The blue when present is not the clear, brilliant, and undiluted 
blue of the 0. ribicoh telia, but dull and greenish. The bright-green 
color seen imder the lesser magnification is apparently the composite 
color of the lajrers of pale and deep green, yellow and green, yellow 
and blue, green or green blue. For differentiation pmposes a mag- 
nification of 108 X or less is best, because it shotvs cleply^and 
definitely blue telia if the specimen is C, ribicola and green if it is C, 
occideiMe. The reliability of this procedure for identification was 
tested on 173 specimens of known origin. 

The development of this procedure involved a great deal of experi- 
iiieiitation in precise teclinique which was greatly facilitated by the 
use of the dissecting and comparison microscopes. The dissecting 
microscope assists in the elimination of such sources of inaccuracy 
as air bubbles on the telia and leaf surfaces in the acid bath, and 
excess water in the mount. The simultaneous observation of the 
color changes in the two mounts, made possible by the use of the 
comparison microscope, saves innumerable timing and time records, 
and obviates the necessity of depending upon the memory for color 
comparisons. 

SUMMARY 

The established methods of species identification failed to furnish 
means of differentiating Cronartium ribicola and 0. occidentale in the 
telial stage. 

It was assumed that certain constant differences in the morphology, 
physiology, and behavior occurring in the other spore stages would be 
fonciirrent with some slight but basic physical-chemical difference 
in these two species that would occur also in the telial stage. Studies 
involving pH reactions were made because of the minute differences 
that such methods reveal and with the hope that if such a difference 
existed it could be demonstrated unmistakably by color. 

Many exploratory experiments showed that there wms a definite 
and consistent but not easily demonstrated microchemical difference 
between the two species. The objective then became the development 
of a treatment to amplify this difference and an indicator solution to 
demonstrate it.^ This wms accomplished by certain treatments with 
dilute acid, distilled water, and bromphenol blue under pH control. ' 

The results of this work indicate the opening of a new field of study 
for the solution of similar ^ problems. The value of applying pH 
methods to problems involving stud3r of ver}^ subtle biological differ- 
ences lies in the delicacy and precision of the reactions.. This is 
evidenced by the consistency of the. results wfien different indicators 
were used in various w-ays and by the variable results caused, by' slight 
alterations in the procedure. 



MERMIS SUBNIGRESCENS/A NEMATODE PARASITE 
OF GRASSHOPPERS^ 

By J. R. Chbistie ^ 

Nemaiologist, Division of Nematologyy Bureau of Plant Indusirjjy United States 
Department of Agriculture 

INTRODUCTION 

In a previous paper ^ the author pointed out that in the United States 
the most common nematode parasites of grasshoppers are Agamermis 
decaudata Cobb, Steiner, and Christie, 1923, and Mermis subnigrescens 
Cobb, 1926,^ species belonging to the family Mermithidae. The life 
history and the economic significance of the former species were 
discussed. The present paper deals with M. subnigrescens. 

"Whereas Agamermis decaudafa is occasionally found in insects other 
than grasshoppers, Mermis subnigrescens appears to be strictly a 
parasite of grasshoppers. It has been found naturally infesting nine 
different species of these insects, including both Tettigoniidae and 
Acrididae; two additional species have been experimentally infested. 
It has not been found in crickets, even though they were collected in 
fields where a large percentage of the grasshoppers harbored the 
parasite. Numerous attempts to experimentally infest other insects, 
including crickets and mole crickets (Gryllotalpinae), have not been 
successful. 

Mermis subnigrescens occurs throughout the New England States 
and westward to Minnesota, Iowa, and Missouri. Its range apparently 
does not extend as far south as that of Agamermis deca^ata, for it is 
rarely found in the vicinity of Washington, D. C. The present paper 
is based on investigations conducted largely at Woods Hole, Mass,, 
and statements regarding life history and behavior apply to that 
locality. 

LIFE CYCLE 

The life cycle of Mermis subnigrescens differs in one important respect 
from that of Agamermis decaudata. Eggs of the latter species ai'e 
deposited in the soil. Upon hatching, the larvae migrate to the 
surface, climb the vegetation, and seek newly hatched grasshopper 
nymphs, which they enter by boring through the body wall. Eggs of 

M. subnigrescens are never deposited in the soil. Gravid females 
migrate to the surface and climb the vegetation, on which the}’" deposit 
their eggs. Grasshoppers, while feeding, swallow the eggs, which on 
reaching the alimentary tract promptly hatch. The larvae penetrate 
the wall of the alimentary tract and enter the body cavity, where they 
develop. 

1 Received for publication Feb. 16, 1937; issued September 1937. 

2 The author wishes to acknowledge the aid of W. D. Courtney, who assisted with field work during the 
summer of 1929; of B. G. Chitwood, who assisted during the summer of 1930; and of Gerald Thorne, who 
assisted during the summer of 1931. Figures 1, B, and 3 were taken from unpublished notes of the late 

N. 'A. Cobb. • , ■ ■ ■ 

^ Christie, J. .R. ufi bistort of .agamermis uecapdata, a bematode parasite of geassboppers 
and OTHER INSECTS. Jour. Agr, Research 62: 161-198, illus. 1936. 

4 Cobb, N. A. the species of m,erm,is, a group of very remarkable nemas infesting inseots. 
Jour. Para sitol. 13: i66]-72, illus. 1926. 
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THE EGG 

The e 2 :g (figs. 1, A, and. 2 ) is protected by two coverings, the outer of 
which is" easily removed. With this outer covering removed, the egg 
(fig. 1, B) has the shape of a sphere slightly compressed at the poles. 



FiQtiEi; L--Egg of Mermis mbnigrescem: A, Showing outer and inner layers of shell; B, with outer layer 
of shell removed, showing larva within; C, in process of hatching; D, with larva emerging. 

The diaineter from pole to pole is 50ju to oAfi and at the equator 
53^ to The inner coTering or shell is about 2.5/4 in tliickness 

and bro%yn in color. The outer coTering is divided into two cuplike 



■iTRE 2.~~E|igs uf MiTmm showing variations in the form of the byssus. (Brawn from 

photomicrographs.) 


parts by a groove at the equator, and at each pole there is a raised or 
thickened area formed by the attachment of the entangling append- 
age3_ or byssi. The size and shape of these polar thickenings vary 
considerably, as does also the form of the byssus (fig. 2). There are 
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two opposite areas at the equator where the color is lighter than else- 
where, snd these areas are partially dissolved by the digestive fluids 
of the host, permitting the escape of the larva. At the time of depo- 
sition the egg contains an infective larva that has molted at least 
once (fig. 1, B), 

The time of maximum egg deposition is usually during June and 
July, but, as will be discussed later, this is controlled by weather con- 
ditions. On foliage an egg remains viable throughout the summer, the 
larva presumably being protected from the sun^s rays by the brown 
pigment in the shell. Eggs kept in water in a corked bottle at room tem- 
perature remain viable for at least 2 months; 
when kept on slightly moistened filter paper in 
a moist chamber some remain viable for a year. 

MODE OF INFESTATION 

Grasshoppers become infested, while feed- 
ing, by swallovdng eggs of the parasite, and 
therefore they are vulnerable throughout their 
entire life. As a nymph grows older and its 
food consumption increases, its chance of be- 
coming infested is correspondingly greater. 

The fact that a nymph becomes infested while 
young does not prevent it from acquiring ad- 
ditional parasites later in life. Grasshoppers 
are frequently found that harbor a hundred or 
more parasites of widely different ages. 

^^Tien an egg reaches the alimentary tract 
the outer covering bearing the byssi has usu- 
ally been rubbed off. The two opposite clear 
areas at the equator gradually become clearer 
and begin to protrude until they appear as 
colorless, hemispherical projections (fig. 1, G), 
which finally rupture and provide an opening 
for the escape of the larva (fig. 1, 2?). So far 
as has been determined, the larva in no way 
assists in its liberation. When first freed it is 
rather sluggish, although it quickly becomes 
active and soon penetrates the wall of the 
alimentary tract and enters the body cavity. 

This migration is discussed more fully in a 
later section. 

The recently hatched larva (fig. 3) is about 
74Q|Lt long by 34;u vdde. A stylet of peculiar 
form is present, wliich can best be understood 
by reference to figure 1, B. The esophageal region, which comprises 
nearly half the length of the body, contains eight large esophageal 
glands (stichocytes) closely resembling those of Agamermis deeatidaia. 
The body ends posteriorly in a rounded terminus. A node and a post- 
nodal region are lacking. 

PARASITIC LAVAL STAGE 

The parasitic development of the larva has not been carefully 
studied, but it seems essentially the same as that of Agawermls 



Figxjke 3.— Recently batclied larva 
of Mermis subnigrescem. 
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ikciviiain. There is the same rapid increase in size and the same type 
of trophosonie deYelopmeiit. ^ ^ . 

]\Iales usually remaiii in the host' from 4 to 6 weeks and attain a 
length of from'' 20 to 60 mm. Females usually remain in the host 
from 8 to 10 weeks and attain a length of 50 to ^160 mm. Howmwer, 
both the duration of the parasitic ^st age and the size of the fully grown 
larTa are subject to great variation. In general the fewer parasites 
the insect harbors^ the larger they become and the longer they remain 
in the host. Likewise there is a tendency for. these parasites to grow 
larger and remain longer in a large grasshopper than in a small one. 

The emergence of Mermis subnigrescens results in the yleath of the 
host. A grasshopper may harbor parasites of widely different ages, 
and when'the oldest ones emerge most of the others perish with the 
host. However those that are almost fully grown may also emerge 
and enter the soil. The same thing happens when a parasitized 
grasshopper dies from some other cause: the parasites that are nearly 
full grown may emerge, the others will die. Many of these prema- 
turely enierged individuals eventually die in the soil, but some 
imdmibtedly survive. The parasites begin emerging at least by the 

first of July and con- 


tinue throughout the 
summer as long as grass- 
hoppers are alive. The 
emergence of M. sub- 
nigrescens from its host 
is similar to that de- 
scribed for Agamermis 
decaudata,^ 

The final mol t occurs 
the following spring. 
Experimental speci- 
mens buried at Woods Hole during the autumn of 1927 had molted 
or were in the process of molting when examined on April 12, 1928. 



FicjUES 4.— Cop-tilatic)i;i in Mermk iubnigremm- (Freehand sketch.) 


ADtTLT STAGE 

Mermis mbnigrescens is found in the soil at various depths down to 
about 24 inches. The majority occur from 6 to 18 inches belo\v tlie 
surface. As a rule, individuals remain alone and one rarely finds a 
female and one or more males coiled into a knot as is characteiistic 
of Agamermis decaudata. Copulation takes place at least occasionally 
and has been obseped several times (fig. 4). By July females that 
emerged^ from their hosts the preceding sunmier begin to exhibit 
a brownish color owing to accimiulating eggs, and by September they 
appear nearly black except for a short region at each extremity of the 
body. At ^this time the eggs are viable. .'7; 

Oviposition takes place the following spring, beginiiirig about the- 
first of June and continuing until the first 'of August or possibly 
longer. In ^27 eggs were first fo-und on the. foliage May 27 /but it 
was not uiitii June 6 that they were numerous; in 1929 they were 
first found June 1, and by June 25 and thereafter tliev were numerous. 
Eggs are laid only during rains, and should there be no rain in June 
tiiey will not be deposited in any number until rain' occurs. , 

c fi bsstie, J. R . ,S6€ p. 1 87 of dtatlou t^vm in fmteote S.; 
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Eggs are apparently not deposited during the night, a point that is 
discussed in a later section. At daybreak on a rainy morning in 
June or July ovipositing females are found moving about on the 
grass and other vegetation. If the rain continues, egg deposition 
goes on throughout the day, but if the rain ceases and the foliage 
becomes dry, the females coil up, fall to the surface of the ground, 
and enter the soil. Should the supply of eggs not be exhausted, a 
female presumably conies to the surface and resumes egg laying during 
a subsequent rain; however, the author was not able to demonstrate 
this experimentally. Before ovipositing, a gravid female 85 mm long 
contains approximately 14,000 eggs. 

When laying eggs a female is entwined about a grass stem or other 
object (fig. 5), and the head end is extended farther and farther from 



Figure 5.— Females of Mermu subnigrescens depositing eggs. (From freehand sketches made in the field.) 


the supporting stem and is moved about with a more or less circular 
motion. If another stem is nearby, the anterior end is entwined at 
a point somewhat higher than the mermithid's position on the first 
stem. Thus, in dense vegetation a female, as it moves horizontally, 
is likely to mount higher and higher. However, if no object is nearby, 
more and more of the anterior end of the body extends until it begins 
to sag, and another or even the same stem may be entwined at a point 
nearer the ground. 

How long a female lives after the uteri are emptied of eggs has not 
been determined. Since by this time the trophosome is nearly ex- 
hausted of reserve food materials, it seems unlikely that the female 
is able to survive another winter or to develop more eggs. However, 
if females are prevented from coming to the surface to deposit eggs, 
they wHl smwive for several years. 

Some of the males and females that emerged from hosts during 
September 1930, and were buried in containers at Woods Hole on 
September 25, 1930, were alive and in apparently good condition 
when examined on May 15, 1933. The females were filled with eggs, 
and there was no indication that any considerable number had been 
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clepositeci. ■ Normaily these individuals would have laid their eggs 
during June and July 1932, but being in containers they were unable 
to come to the surface. Sunlight is apparently the stimulus that 
causes egg laying. If an ovipositing female is placed in the dark, 
egg laying iiiiiiiediately stops; if again it is brought into the light, 
egg laying is promptly resumed. This interesting behavior has been 
described b3' Cobb.® 


SECURING MATERIAL FOR STUDY 


A limited number of postparasitic specimens of Mermis subnigrescens 
can usually be secured by digging, but this is a slow and laborious 
procedure. During the course of these investigations considerable 
digging was done not primarily for the purpose of securing material 
but to determine the abundance and distribution of the parasites in 
the soil. MTien securing material is the object, the operation can be 
facilitated by the use of sieves. 

Adult females of Mermis subnigrescens can often be collected in 
large numbers while they are laying eggs. ^ The collector should know 
the location of fields where these mermithids occur, and the fields 
must be visited during^ rainy days at the proper season of the year. 
On June 8, 1930, at Woods Hole, during a period of about 3 hours, 
the author collected 220 ovipositing females. 

Probably the most practical method of obtaining Mermis sub- 
nigrescem in large numbers is to collect infested grasshoppers and 
confine tiiein in cages until the parasites emerge. For this purpose 
any type of insect cage will serve if so constructed that 2 or 3 inches 
of soil can be placed in the bottom. In this soil the author usually 
planted wheat, which was allowed to grow a few inches high before 
the grasshoppers w^ere placed in the cage. When one has less access to 
a field where there is a fairly high infestation a great many parasites 
can be secured in this manner. When grasshoppers are collected in 
fields and confined in cages a considerable number usually die. The 
death rate is highest during the first day or two and then gradually 
decrea^^s. The result is many prematurely emerged parasites, 
which is the chief disadvantage of this method of securing material. 
It can be overcome to some extent by allowing the nematodes to 
remain in the soil of the cage for several weeks. During this time 
mmy of the prematurely emerged specimens die and are eliminated, 
^hen subsequently examined, additional abnormal specimens usually 
can be recognized and discarded. The soil in the cage must be kept 
moist at all times. 


^ The specimens of Mermis subnigrescens thus obtained can be buried 
ill the soil, w here they proceed writh their development and where 
mey can be dug up and examined from time to time. One of the 
best containers for this purpose is an unglazed porcelain battery jar 
with the open dosed by 200-mesh, nidcel alloy,' wire' cloth, 
hmall um for individual specimens can be obtained, or large ones 
that will accommodate 100 specimens or more. The soil used to fill 
the containers and in which the mermithids are placed should be 
eqniposed in part of sand and should' be passed through a sieve. 
I lien the container is subsequently dug up the mermithids may be 
secured by again passing the .soil i-hrough ' a sieve. ' If^ the soil is 


a nemic fabasite of' GEASaHOPFEKS. 
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partly sand and has previously been sieved this can be done with 
little* danger of injury to the specimens. 

For concentrating these parasites in a small area^ outdoor enclosures 
were constructed, 4 to 6 feet wide by 8 to 12 feet long, with the sides 
and top covered with ordinary wdndow’ screening. Grasshoppers 
collected in fields of high infestation were placed in these enclosures, 
which were so situated that a naturally luxuriant vegetation served 
as food for the insects. The mermithid population of the underlying 
soil was undoubtedly increased in this manner, but even here the 
securing of specimens by digging was slow and laborious. 

If an adequate source of infested grasshoppers is not available, 
uninfested grasshoppers may be collected and artificially infested. 
Such a method could be employed should an attempt ever be made 
to colonize the parasite in regions where it does not exist. The 
following procedure has proved fairly satisfactory. Leaves of the 
buckhorn plantain (Plantago lanceolata L.) were secured, and on 
them eggs of the parasite were sprayed by means of a small atomizer. 
The stems of the plantain leaves were then inserted into a small- 
mouthed vessel containing water, in the same manner as flowers are 
placed in a vase, and transferred to an insect cage. Any convenient 
cage can be used, the size depending on the number of grasshoppers 
to be handled. 

The chief difficulty with this and other methods employed for 
artificially infesting grasshoppers is to prevent too many eggs from 
beiog swallowed. So many mermithids per host are acquired that 
most of the parasites develop into males.’^ Grasshoppers infested by 
this method must be held in confinement and fed throughout the 
entire developmental period of their parasites, while in those already 
infested when collected many of the parasites may be almost ready 
to emerge. 

TIME OF EGG DEPOSITION 

Rain stimulates females of Mermis subnigrescens to ascend vegeta- 
tion and deposit eggs, a fact which was clearly demonstrated at 
Woods Hole in 1929. The spring and early summer were exception- 
ally dry, and very little rain fell between June 1 and July 19. On a 
plot of land where M, subnigrescens was known to be abundant, 
only a few eggs had been found on the fohage. On July 17, a lawn 
sprmkler was operated from 4:30 p. m. until 8 p. m. During this 
period of 31*2 hours a,n average of about 2 inches of water was applied 
over an area approximately 14 feet in diameter. Early the following 
morning 12 mermithids were seen depositing eggs on the vegetation in 
this area, and imdoubtedly there were others that were overlooked. 
None were found outside the sprinkled area. On the following day 
the sprinkler was inoved to a new position, and the operation was 
repeated with similar results. In both sprinkled areas a subsequent 
examination of the foliage showed that eggs were present in abun- 
dance.' . ' 

It has already been mentioned that light is apparently the stimulus 
that causes egg laying, a fact which indicates that oviposition cannot 
take place at night. On July 19, 1929, four ovipositing females were 
kept under constant observation from 7:30 p. m. until 9:45 p. in. 

7 Chbistie, J. E. some obseryatioks on sex in the meemixhidae. Jour. Expt. Zool. 53. 59-76 
illus. 1929. 
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During tlii? time?, rain fell iiiterniitteiitljn men jfc became so dark as 
tr> make obserTatioii impossible a pocket flasliliglit was used occa- 
sionallv, Bv 8:50 it was iieaiiy dark, and by 9:20 it seemed totally 
(lark. ‘ Tiiroiiglioiit early twilight all four females continued their 
c Ini ract eristic iiioveiiients, but as darkness increased they became 
gi*udiuilly less active. At 9:40, aboiit^SO or 40 minutes after the last 
vestige of daylight ha,d apparently disappeared, two of the females 
w'ere still on the vegetation but hacl ceased moving about. The other 
twii had fallen to the surface of the ground, where they remained partly 
coiled up and comparativeh^ inactive. Not one appeared to make any 
attempt to enter the soil. 

At Intervals one of the females was removed from the vegetation 
and placed on a wet leaf, where it w^as allowed to remain for half a 
iTiiiiiite or a minute (table 1). The leaves were later examined and 
the eggs counted. The results appear to indicate further that eggs 
are not laid at night. 


Table 1 . — Effect of darhtess on rate of egg deposition hy Mermis suhnigresce^is 


Time of clay (p. m.) female was placed on leaf 

Period left on leaf 

Light conditions 

Eggs 
found 
on leaf 

- 

8:20. 

8:,W , 

H minute j 

! minute - J 

H minute 

Early twilight j 

1 Late twilight. 

Almost dark ...i 

Wumber 

21 

IS 

41 

41 

0 

9;2f» .. 

1 1 minute 

f Dark i 

9:10 

i 1 minute. . 

! do 1 




DISSEMINATION OF THE EGGS 

Eggs of Mermis subnigrescens were found on any object over which 
the ovipositing female had passed, whether living foliage or dead 
branches. There was no evidence that females selected any particular 
kind of foliage on which to oviposit. Eggs w^ere found on either side 
of a leaf, sometimes in masses of 25 or more and at other times widely 
sc at t erect. They were largely confined to herbaceous vegetation to a 
height of about 2 feet. On a few occasions they were found on the 
leaves of shrubs about 3 feet from the ground. The author saw no 
indication of dissemination by wind. 

To facilitate the examination of a large amount of vegetation for 
the presence of eggs, the following method -was employed: A piece of 
corragated glass about 3 inches wide by 8 inches long, with the corni- 
gations running lengthwise, was held on an improvised stand, in an 
obliciue position, high enough from the table to allotc a beaker to be 
placed under the lower end. A second beaker, containing 20 to 30 
ec of ^ water, was at hand. A leaf from, the sample of foliage being 
exaiiiked was held on the corrugated glass with the left hand. A, 
eaiiiers-hair brush, with the bristles cut off to about one-third their 
original lengtli, was repeatedly dipped into the water and passed 
several times over both surfaces ■ of the leaf. Thus the . eggs were 
dislocipd and carried hy the w^aterfiowm the corrugations of' the glass 
into the beaker below. Wlien the sample of vegetation vras finished 
the remaining water was poured over the corrugated glass to vrash 
any adhering eggs into the beaker. The water was then examined 
for eggs, usually after having been reduced in.' bulk by, centrifuging. 
This rnetliod served wtII to demonstrate the presence or absence of 



Sept. 1 , 1937 Mermis suhnigrescens, Nematode Parasite of Grasshoppers 361 


eggs, and when eggs were present it indicated \nth fair accuracy 
their relative abundance. 

During the summer of 1929 an intensive study was made of egg 
dissemination in the vicinity of Woods Hole and in some of the ad- 
joining localities of southeastern Massachusetts. The data secured 
are not given in detail. Suffice it to say that in fields where the para- 
site was present eggs were 
very widely disseminated. 

Samples of vegetation taken 
from the roadside, from back 
yards, and from other ap- 
parently unpromising loca- 
tions were found very fre- 
quently to carry a few eggs. 

To determine the vertical 
distribution of eggs a sample 
of grass consisting of all that 
grew on 1 square foot was 
collected during July 1929. 

Each stalk was cut close to 
the ground, the butts were 
placed eventy together, and 
the whole was cut into 2-inch 
lengths. Each 2-inch length 
was treated a s a separate sam- 
ple ; every piece of grass in it, 
whether leaf or stem, was 
washed, and the washings 
were examined for eggs. The 
results are shown m figure 6. 

On July 12, 1929, collec- 
tions of grass and plantain 
leaves were made in 1 1 fields 
between Pawtucket, R. I., 
and Franklin, Mass. Eggs 
were foimd in all except two 
collections. That one could 
go into a region where data 
were not available regard- 
ing the distribution of this 
nematode, take 11 samples 
of vegetation at random 
from widely separated fields, 
and find eggs on every sample 
except 2 is further evidence 
that the parasite is widely 
distributed. 

MIGRATION OF LARVAE FROM INTESTINE TO BODY CAVITY OF 

HOST 

The hatching of Mermis subnigrescens eggs in the intestine of grass- 
hoppers and the passage of the larvae through the intestinal wall into 
the body cavity were observed on several occasions. In making these 



Figure 6.— Vertical distribution of eggs of Mermis subnigres- 
cens on grass. The number of pieces of vegetation in each 
sample, the number of eggs found, and the height of each 
sample from the ground are indicated. 
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obserTatioiis tiie folio wiiig procedure was followed: Recently hatched 
iiviiiplis (A Melmm'plm Jenmr-rubrm^ (DeGeer) were placed in a cage 
aiid kept without food for 24 hours. A mash was prepared by mixing 
cracker cniiiibSj cane sugar, and orange juice, x^bout 100 viable eggs 
were jiiixed vdtli a bit of this mash to fonn a pellet a niiUiineter or so 
in diameter. This pellet and a grasshopper nymph wwe. placed in a 
short glass tube corked at both ends. The nymph, when brought 
close to the pellet by patiently manipulating the tube, wnuld usually 
eat. After a period of time varying from 30 minutes to 2 hours the 
nymph was killed, and its alimentary tract was removed and mounted 
on a' slide under a cover glass in a drop of body-cavity fluid. A 
supply of adult grasshoppers w^as kept available to provide body- 
cavity fluid for this purpose. The preparation was then placed on 
the stage of a microscope for observation. 

The first hidieation of hatching usually occurred after 1 to hours, 
when the eggs began to show the characteristic clear, hemispherical 
projections. " Very soon after tliis the niermithid larvae were free in 
the intestme. At the end of 10 hours eggshells usually appeared in 
the feces. Most eggs hatched somewhere between the posterior end 
of the crop and the region where the Malpigliian tubes are attached. 

'\Vhen first free from the shell the larva was comparatively inactive 
but soon began to move about. Sometimes 20 to 30 minutes elapsed 
before it passed into the body cavity. While penetrating the tissues 
of the intestinal wall the stylet was distinctly seen being rhythmically 
protruded. Most frequently larvae penetrated the intestine at the 
region hiiinediately posterior to the caeca. On one occasion a larva 
entered a caeciun and passed through its wall into the body cavity 

EFFECT OF THE PARASITE ON THE HOST 

The effect of Agamermis decaudaia on the development of its host 
has been discussed in a previous paper.® In general the facts stated 
therein also apply to Mermu suhnigrescens. The gonads of female 
grasshoppers are markedly inhibited in theii* development, and in- 
fested individuals are usually sterile. The effect on the development 
of the male gonads is less pronounced. In both sexes growth is 
materially retarded, infested individuals remaining in the nyniphal 
stage longer than uninfested ones. A grasshopper is always lolled 
when a parasite emerges. There is a tendency for the host to be 
older when it becomes infested than in the case of A. decaudata, and 
also for a host to harbor a ^eater number of parasites. 

As already^ noted, Mermis subnigreseens apparently infests only 
grasshoppers. ^ The following species were found naturally infested 
or were experimentally infested in the laboratory: 

Species: __ infestation 

Arphia sulphurea (F$.hncms) ' Experimental.' 

Camnula pellucida (Scudder)_ Natural and experimental. 

i mrthippus lonpcornis (LB^treille) ^ Do. 

€‘hoTi&phuga nridifasdata (DeGeGv) Natural. 

Cm&cephalm hrevipennis (Bcudder) Bo. ■. 

EmGptolQphu$ mrdidm Do.. 

Melumplm Mvitiaius (Say) ■ ■ Do 

.V. femur-rubrum (DeGeer) [ ' ' I J Natural’ and experimental . 

Ji. (Saussure) Natural. 

Orpiiwlflla (Burmeister) ' , Do.* 

RdfUdiid MtcToptcrtA (Beauvois} „ _ ExperimeritaL . 

•*’ riiRisOT, j. H. See pp. of eitatioD given- m footnotes,. ^ 
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DISTRIBUTION IN NEW ENGLAND 

Between August 18 and 21, 1930, Gerald Thorne and the author 
collected and examined grasshoppers along the Merrimack Kiver 
Valley between Manchester, N. H., and Woodstock, N. H., along the 
Connecticut River Valley between Middletown, Conn., and Woods- 
ville, N. H., and from several localities in the interlying country. 
Collections were made in 83 places, and the number of grasshoppers 
exammed in each collection varied from 10 to 100, depending on their 
abundance. The results may be summarized as follow^s: 

Orasshopvers 


Collections of grasshoppers: (percent) 

10 None. 

30 1 to fl. 

19 j — 10 to 19. 

11 20 to 29. 

7 30 to 39. 

3 40 to 49. 

2 50 to 59. 

1.. ----- 80. 


A total of 2,5'00 grasshoppers exammed showed an average infes- 
tation of 12 percent. The grasshoppers were not identified, and the 
collections were made up of various species, with Melanoplus femur- 
ruhrum usually predominating. The mermithids from 66 of the 
collections were identified by Thorne, to whom the author is mdebted 
for this information. In 42 collections the parasites were exclusively 
Mermis subnigrescens; in 17 collections both M. subnigrescens and 
Agamermis decaudata were present; in 6 collections the parasites were 
all A. decaudata; and in one collection M. subnigrescens^ A, decaudata, 
and a species of Hexamermis were present. 

About the same conditions exist in Barnstable, Bristol, and Plym- 
outh Counties, Mass., where the author has made many collections 
of grasshoppers. Mermis subnigrescens is the most common mermithid 
parasite of grasshoppers in New England, and in this region it is very 
widespread. There are few fields where its presence cannot be 
demonstrated. 

ECONOMIC SIGNIFICANCE 

There is little doubt that both Mermis subnigrescens and Agamermis 
decaudata are unportant factors in grasshopper control throughout 
the regions where these parasites occur. Of the two, M. subnigrescens 
is perhaps the more important. It appears to be able to withstand a 
greater variety of soil and climatic conditions and to maintain itself 
in larger numbers where the grasshopper population is consistently 
low. It does not extend as far south as does A. decaudata. Insuffi- 
cient rainfall has undoubtedly prevented the spread of both species 
into semiarid regions. Throughout much of the area in the United 
States where they are not found their introduction is evidently out of 
the question. Nevertheless there may be isolated regions where they 
do not exist but where climatic conditions are such that they could be 
established. Of the two species, M. subnigrescens is probably the best 
suited for colonizing. Its eggs are easily secured in large numbers, 
remain viable for months, and can be shipped any distance. The 
artificial infestation of indigenous grasshoppers should be a compara- 
tively simple matter. 
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SUMMARY 

Mermu subnigrescens Gobb, a common parasite of grasshoppers^ 
occurs tiiroiighoiit the northeastern part of the United States and 
westward as far as Miiinesotaj Iowa, and Missouri. The present paper 
is based on studies made at Woods Hole, Mass. 

The adults of this parasite occur in the soil. On rainy days during 
Jime and July gra^dd females come to the surface of the ground, ascend 
low herbaceous vegetation, and deposit their eggs. The eggs adhere to 
foliage by means of the entangling appendages or byssi. Grasshop- 
pers, while feeding, swallow the eggs, wliich hatch. in the alimentary 
tract. The larvae immediately migrate through the wall of the ali- 
mentary tract into the body cavity. They remain in the host from 
4 to 10 weeks to complete their growth; then they emerge by forcing 
their way through the body wall and enter the soil. They molt the 
next spring, pass the ensuing summer and winter in the soil, and the 
females deposit then eggs during the following summer. 



THE PRODUCTION OF CITRUS MOTTLE-LEAF IN CON- 
TROLLED NUTRIENT CULTURES ‘ 

By H. D. Chapman and A. P. Vansblow, assisiaiit chemists j and Geobge F. 

Liebig, Jr., associate in the experiment station, California Agricultural Experi- 
ment xStation 

INTRODUCTION 

Although it is now definitely established that mottle-leaf of citrus 
can be controlled by the use of zinc sprays (5, 7),^ little is known about 
the true nature of this disease, the physiological function of zinc, and 
kindred questions. One approach to the solution of these problems 
lies in determining the nutrient and environmental conditions under 
which this disturbance can be developed artificially. Except for some 
indications recently reported by Haas (3) previous attempts to pro- 
duce mottle-leaf of citrus under the known conditions of solution or 
sand culture have been unsuccessful. Hoagland, Chandler, and 
Hibbard (4) have produced little leaf of apricot trees and zinc-defi- 
ciency symtoms in other plants by the omission of the zinc from 
culture solution, wdien special efforts were made to minimize zinc 
contamination. However, trials with citrus gave negative results 
under similar conditions.® This, they thought, might in part be due 
to the low light intensities prevailing at Berkeley, Calif. 

Accordingly, a series of experiments with citrus were set up at 
Riverside, Calif., in March 1936. The positive results of these trials, 
together with several interesting observations, appear to justify a 
progress report at this time. 

DESCRIPTION OF EXPERIMENTS 

The technique of these experiments is given in some detail for the 
benefit of those engaged in similar or related studies. 

Leafy twig cuttings from healthy, vigorous, Valencia orange trees 
were rooted in coarse-grained sand and then transferred to pyrex- 
glass battery jars containing nutrient solutions of the desired compo- 
sition. The cuttings were held in place by specially painted wooden 
plugs inserted in appropriately spaced holes in Bakelite covers. The 
sugar pine plugs were first painted with a high-grade asphaltum 
varnish and then with two coats of a synthetic Bakelite-type varnish. 
Previous work has shown that both Bakelite and the varnishes used 
are highly resistant to the deteriorating action of weak salt solutions 
and at the same time yield no toxic products to the culture solution. 
Although the ash of these materials contained traces of zinc and 
various other inorganic constituents (table 1), the resinous matrix of 

J Received for publication Feb. 23, 1937; issued September 1937, Paper no. 366, University of California 
Citrus Experiment Station and Graduate School of Tropical Agriculture, Riverside, Calif. 

2Refereneeismadebynumber(italic)toLiteratureCited.p.378- 

3 Unpublished observations communicated to the authors by n. R. Hoagland. 
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Table l.--Iiripurities in major chemicals (c, p. grade) and accessory materials 


Impurities ns determined spectrographically 


Mated a 1 

3.Iaoii,faeturer 
or agent 

Lot no. 

Zinc con- 
tent 

Definite traces 

Just detectable 




P. p. m. 

3 5 


Bi, Ca, Cu, Mg, Pb, 
Sn, Si. 


ctil Co. 




KXO.u. 

CatXO, MHds 

, J. T. Baker 

Merck 

41S34 

3055.3 

1 0 

BL- 

Ca, Cu, Pb, Sn, Si. 

Bi, B, Cu, Mg, Si. 

1.0 

Ag, Ca, Fe, Pb, Sn 

CaS04.2iL0. 

^ do 

3170-1 

1.0 

Cii, Ph 

Ba, Bi, Mg, Ni, Si, Sn, 

K:;iXd 

J. T. Baker. 

11623 

3.5 

As, BU Ca, Cii, Mg, 

Ag, Hg. 

McSOi.THd:) 

^ Merck. . J 

^ 31433 : 

2.0 

Pb, Sb, Si, Sn, 

Ag, Cu, Mg i 

Bi, Pb, Sn. 


: J. T. Baker 

1 41931 : 

S.O 

; Cu, Mg, Pb, Sn...- 

Bi, Si. 

FeSOi... . 

do i 

1 72426 ^ 

20- 0 

I Cu, Bi, Mg, Pb, Si. Sii., 

Ti. 

KOH.... 

i do ....d 

121521 ' 


' Ca, ISia 

^ Ca. 

Sr. 

KHSCM 

; do ! 

51530 ^ 



XtiOH 

> Mallinckrodt j 

'1177126 ; 


i Al, Ca 

1 Fe, .K, Mg, Sr. 

Bakelile*. , .. 

Bakelite Corpn- i 


Al, Ca, Cu, Mg. Zn, 

As'pliait' ■ paint 

, ration. j 

‘ Fi2lier& C0.....1 



’ Ca, Pb, Ag, Zn. 


<Giia fo:it 
Phenolic resin 

Dll Pont ! 



Pb, Ca, Co, Cu, Ms, 

Al, Fe, Ni, Si. 

varnish. 



i 

Mn. 


the paint preTents appreciable solution of these elements. Before 
being used the battery jars, Bakelite coyers, and painted plugs were 
digested with 20-percent hydrochloric acid. In order to avoid 
contamination of the nutrient solution with dust from the air, the 
coverewere held tightly to the ground edge of the battery jam by springs 
attached to a metal harness surrounding the jars. The battery jars 
were coated on the outside with an asphaltum, followed by an almni- 
num varnish. During the summer it became necessary to reduce the 
solution temperatures within the jars by insulation with sphagnum 
moss. A portion of the general set-up is shown in figure 1. 

All water used in the experiment was redistilled in an all-pyrex-glass 
still designed for continuous operation. 

Zinc was quantitatively determined in all of the major chemicals 
used by the method of Vanselow' and Laurance {11). With the 
epeption of the iron sulphate, they were found to contain so little 
zmc that purification was not attempted (table 1). 

Because of the precautions taken to prevent contamination and the 
fact that plant stimulation has often been produced by many other 
mmor elements, 54 trace elements were added as a basic treatment to 
most of the cultures. A moderately concentrated stock solution of 
each was made up separately, and from these, secondary mixtures of 
compatible combinations. 

The kinds and amounts of these minor elements added to the final 
cuitiu-e TOlution, the source from which derived, and the results of a 
qualitative spectrographic determination ^ of the impurities contained 
by these chemicals are given in table 2 . 

The impurities carried by the major salts and several accessory 
compounds are shown in table 1. All acids used in the experiments 
\vere redist illed m a pyrex-glass still. 

spectrograph (31). samples ol the dry 
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The field observation that both nutrient and light conditions ap- 
parently iiiodifv the zinc requirement of citrus suggested that the cul- 
tiires witli and without zinc be duplicated under such conditions as to 
render both of the above factors variable. The treatments as finally 
set up are given in table 3. The cultures designated as light’’ 


Table ?j.~Xature of ireatmenis under different light intensities 


Light intensity i 

Nature of culture solution 

Culture no. 

Major elements j 

Minor elements 




1 and. 2. 

'Low Ca'b'Oiit 60 'fjereeiit j 

j,L0WN0;i 

i 

,All! plus zinc (0.65 p. p. m.) 

5 and 6. 

9 and 10. 


lHighN(L 

lAil, plus zinc (0.65 p. p. m.) 

13 and 14. 

3 and 4. 

7 and 8. 

11 and 12. 



1 All^ plus zinc (0.65 p. p. m.) 

(All, no zinc- 

'High falwiot 20 fiercerU | 
less than cut 'of doors) . 1 

1 * 

iHigiiNOs.... 

_,ldo- 

All, plus zinc (0.65 p. p. m.) 

None except Mn, B, Na, Cl, no 
zinc. 

Double strength, all, no zinc 

21 and 22. 

15 and 16. 

17 and IS. 

19 and 20. 




High NOs (purified by 
Steinberg method s 

-\11, no zinc-_ 

23 and 24. 

j 



J Measured witli Weston photographic exposure meter. 

8 Designates 54 trace element combination given in table 2. 


w^ere placed under a small lath shelter wdthin the greenhouse, where 
the light intensity was reduced to about one-half that prevailing in 
other parts of the greenhouse. To secure information on the combined 
effects of the trace elements, cultures with no minor elements present 
except iron, manganese, boron, sodium, and chlorine, and with double 
the amounts of all but iron were included, i^lso, two cultures were 
purified according to the Steinberg (10) method by boiling with an 
excess of calcium carbonate. (Only the major salts were present at 
the time of purification, the trace elements being added to the purified 
solution.) 

The composition of the culture solution as regards the major ele- 
ments is shown in table 4. Iron sulphate, from which the zinc had 

Table 4. — 'Major components, of low- and high-nitrate culture solutions 


Typ-e of solution 

Salt used ■ 

Quan- 

tity 

Quantity of indicated elements or radicals per liter 

per 

liter 

Ca 

Mg 

K 

NOs 

SO 4 

PO 4 


(KsPOi 

Gmms 

0.0212 

Milli- 

gram- 

&tom9 

MtlU- 

§ram- 

atoms 

MUli- 

§mm- 

aimis 

0. 30 

ill 

Milli- 

gram- 

atoms 

Milli- 

gram- 

atoms 

Q.IO 


Ca(N03)3.4H2:0, 

.^5 

1.00 


2.0 


Low nitrate ! 

CaSOi.2HsO 

.1331 




0.77 
■ .71 


(MgSCaH.O.., 

.1750 

77 

0. 71 





KsSOi 

. 1768 


2.03 


1. 01 









Total 


, . L :77- 

' . 71 

2. 33 

■.■2- O') : 

' 2,49 

.10 


iK^rOi 

.0212 : 



.30 i 



.10 

f 

CaCKOsMHaO,. 

1.48^ 

6.27 


12, 55 


High ni'lrale i 

KNOs 

.4074 



4.92 

4.92 

2.63 



MgfNOila.eHsO, : 

.3214 


1.26 




MgSOiJHsO ,.| 

.6162 


2.50 j 


2.50 










Total 1 


■6-27 ; 

3. 76 

! 5.22 

OA n/'i 

2.50 

.10 



-iU. UU 
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been removed by precipitation with hydrogen sulphide, according to 
the Yaiiselow and Laiirance {11) method, was added daily at the rate 
of 0.2 mg iron per liter. 

Previous experiments by Haas (^) with Valencia orange cuttings 
have indicated that an intermittent rather than a continuous supply of 
phosphate is conducive to better growth. 

xlccordingly, throughout the early stages of this experiment, phos- 
phate was alternately added and withheld biweekly The cultures 
were aerated continuously, the compressed air being introduced 
through sintered glass disks fused into the ends of pyrex-glass tubes. 

By the addition either of nitric acid or potassium hydroxide, the pH 
of the solutions was kept between 6.5 and 7.0. 

The culture solutions were at first renewed every month, and later 
every 3 weeks. Water lost by transpiration and evaporation was 
replaced daily by the addition of redistilled water, ilfter the experi- 
ment had progressed for some time, quantitative determinations of zinc 
were made in both the fresh and the used solutions. The results of 


these determinations are as follows: 

Zinc per lUt 
miligrams 

Fresh solution 0. 007 

Used solution fl month old) . 003 


RESULTS 

The cuttings were transplanted from the propagating bed into the 
culture solutions on March 18, 1936, after the roots had been thor- 
oughly rinsed in distilled water. In less than 12 days new roots began 
to develop and shortly thereafter new shoots appeared. By April 28 
the leaves and shoots of the first growth cycle had attained full size, 
though the leaves were as yet somewhat tender and immature. None 
of the new leaves showed signs of mottle-leaf at this stage. The low- 
light plants appeared somewhat more healthy than the high-light 
plants and those grown in high nitrate vrere more vigorous than those 
grown in low nitrate. 

By June 17 a second cycle of growth had emerged, the leaves and 
shoots having reached about the same stage of maturity as that of the 
first cycle on April 28. In contrast to the appearance of first growth 
cycle at this stage, the leaves of the plants in the cultures without 
zinc were more yellowish, some of them suggesting nitrogen deficiency; 
others showed some venation as in iron deficiency. Characteristic, 
though faint, mottle-leaf marlongs had developed in many of the now 
mature first-cycle leaves of the plants growing in minus-zinc, high- 
light cultures. There was no mottle, however, in any of the plants 
of the low-light series nor were any of the plants of cultures receiving 
zmc affected. By the middle of July the second growth cycle was 
virtually mature, and the leaves, which on June 17 had appeared 
yellowish, had become strikingly mottled. The plants of cultures 9 
and 10 (low-light, high-nitrate, no-zinc) were only slightly mottled as 
compared with the more severe condition of corresponding cultures 
subjected to the full light of the greenhouse. 

After the first 2 months of this experiment the roots of some of the 
plants in various cultures began to rot. This type of rot (gelatiniza- 
tion) always began on the very youngest roots, gradually spreading to 
older roots. At no time during this experiment was it possible to 
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correlate positivelj the incidence of this root rot with^zinc^ nitrate, 
light, or trace-eleiiieiit variables; on the other hand, it became in- 
(‘reasingiv evident as the experiment progressed that there was some 
relation between the phosphate status of the nutrient medium and the 
root rot. ^Xllen phosphate was present the rotting usually became 
inieiisified, whereas when phosphate was omitted it tended to remain 
uRchansed. In an effort to control the root rotting it was decided 
in Jiine'^to decrease the concentration of phosphate to one-half of that 
emploved at the outset. 

Toward the latter end of July a third^ growth cycle began to emerge 
on all those plants whose roots were still in a healthy condition. In 
contrast to the early chlorotic appearance of the second growth cycle, 
this new cycle wjrs green and vigorous. Moreover, the mottled 
leaves of affected plants began to turn green. A possible pliosphate- 
zine relation being suspected, phosphate was restored to its, original 
level and kept present continuously until the termination of the ex- 
periment on September lo. As a^ result of this latter change, the 
leaves of the new third, cycle soon began to acquire a yellowush cast, 
the venation of some of them becoming marked. By the middle of 
September the third cycle growth was virtually mature, the leaves of 
the plants in the minus-zinc cultures having become typically mottled . 

Inasmuch as the roots of all save those in one of the plus-zinc, 
high-light cultures began to rot at the time the second change in phos- 
phate technique was inaugurated, it was decided to make frequent 
small additions of zinc to one culture (no. 24). In contrast to the 
behavior of all the plants grown in the solutions lacldng zinc, the third 
growth cycle of the plants in this culture remained healthy, the leaves 
attaining full size and becoming fully green. Moreover, the leaves of 
the second cycle, which on July 15 were badly mottled, became fully 
green. Representative leaves from the first, second, and third growth 
cycles of a plant from culture no. 24 are shown in figure 2. The first 
growTh-cycle leaves (O) were at no time more than faintly mottled. 
The second-cycle leaves, R, formerly severely mottled, became com- 
pletely green though there wns no increase in leaf size.^ The leaves A 
from the third cycle of ^owth were fully green and normal sized. 

Owing to the increasing incidence of root rot in cultures hitherto 
healthy (occasioned, no doubt, by the continued presence of phosphate) 
the experiment was terminated on September 15. 

An idea as to the growth made by healthy cuttings during the 6 
months of tliis experiment may,' be had by reference to 'figure 1, B. 
Pictures of a feiv leaves from minus-zinc cultures showing some of the 
variations on leaf markings and sizes are presented in figure 3. The 
top row (A) shows mildly affected leaves taken from plants grown' 
under low’- light conditions. The leaves in figure 3, B', show the more 
pronounced mottling developed under high light. • That .these leaves 
represent typical mottle-leaf may be seen by" comparison with those 
sliowm ill figures 4 and 5.® 

The prodiietion of mottle-leaf under controlled, conditions, .has made 
it possible t o observe in detail the various stages in the development 


leases foltowfefzmeaaaito medium accords with the ohserva- 

' Tv of ziuc sulphate sprays. 

AUhe nuthras request these latter were picked foomorebard trees by E. R. Parker. At the time they 
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of what is commonly regarded as the typical mottle-leaf pattern. 
The immature stage of leaves destined to become mottled is often 
characterized by a pronounced venation, the general color of the leaf 
being yellowish (fig. 6, two top leaves). As the leaf matures, the 
green areas adjacent to the veins spread and deepen in color and the 



Figubie 2.— Leaves from plant of culture no. 24: Third-cycle leaves which emerged green and healthy 
following zmc additions; S, second-cycle leaves formerly severely mottled, hut caused to turn green 
following the addition of zinc; C, first-cycle leaves. 


yellow-green areas between the veins become more pronouncedlv 
yellow, thus giving rise to strikingly “mottled' Vpatterns, often quite 
variable but with an element of similarity throughout. Small green 
spots are often se^n. in the yellowed areas. In more severe stages, 
the immature leaves are often uniformly yellow, the lower portion 
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of tile veiiial system being the only green part of the mature leaf. 
In iiiild eases the new growth may emerge entirely green, and onh' as 
the leaf iiiatiires will small j^ellow-green blotches appear. 

Diiiing the course of leal development, variations in degree of 
iiiottliiig may be induced by nutritional changes. Thus the con- 
tinuous presence of phosphate under the conditions of this experiment 


Ki. 5.~Lravei from mottWeaf-aflected trees stowiag some of the variations in size and markin! 

(Tn' nfr.' ‘0 “Ottle as they mature 
rn,hT f frequent addition of small amounts of zi 
aiked mottled leaves to become green. However at no time durii 

I he eotirs^ of these experimente did any of the fuUy mature trrwn leav 
ol >1.0 ».-.sno.I cuttings become mottfed, despiteXdeXmenf 
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pronounced mottle-leaf in subsequent new growth. Cases of a similar 
nature on mature trees growing in orchards are often seen. This 
suggests that the zinc of mature leaves is rather immobile ^ as in the 
case of iron. 



Figure 6.~Progressive stages in tbe development of typical mottle-leaf. Two top leaves show Immature 
stage, the others progressive sta.ges as the leaf matures. 


It is of interest to note the effects of the trace elements. Where 
used in double strength, as indicated in table 3 (cultures nos. 19^and 
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20 j, t'Op and root growth was definitely depressed though the leaves 
siiowed no localized evidence of injury. The roots were somewhat 
brownish and stubbv. The plants of those cultures receiving zinc 
ill addition to the 54 trace elements were healthy m appearance and 
showed no evidence of injury. It is unfortunate that, for purposes of 
c'omparisoii, cultures with zinc but minus the trace elements were not 
included in this experiment. 

Despite the high boron content of pyrex glass plus the addition of 
0.5 p. p. 111 . of this element to the culture solution, definite, though not 
severe, symptoms of boron, deficiency (1) appeared in some of the 
plants during the course of the experiment. 

CONCLUSIONS 

Under the conditions of this experiment it has been possible to 
produce, mottle-leaf of citrus by omitting zinc from the culture 
soliitiom Conversely, the addition of zinc not only prevented the 
developiiieiit of mottle-leaf, but small amounts of zinc supplied fre- 
ciiientl}' to plants already affected with mottle-leaf brought about 
recovery. Plants grown in the full light of the greenhouse (intensity 
about 80 percent of that out-of-doors) became severely mottled, 
whereas those subjected to a lower light intensity (about 40 percent 
of that out-of-doors) were but slightly affected. These results are in 
accord with the field observation that the leaves on the south side of 
citrus trees are usually more mottled than those on the north side. 

Diiring the earty stages of this experiment there were definite 
evidences that the plants grown under conditions of high nitrate were 
more mottled than those grown with low nitrate, though in the latter 
tliere was no evidence of nitrogen starvation. However, the gradual 
decrease in the numbers of healthy cultures, owing to the incidence of 
root rot, has left this question unsettled. 

Apparently the degree of mottling can be strongly influenced by 
the phosphate content of the nutrient medium. Increases in phosphate 
accentuate the mottling. 5^1iether this effect is due to decreased zinc 
solubilit}' in the culture solution, or to decreased availability within 
the plant, cannot be stated definitely. Olsen (^) has shown that high 
phospiiateywill induce iron chlorosis in certain plants through reac- 
tions within the plants. Zinc may be similarly affected. 

Altlioiigli mottle-leaf and root '^rotting were both accentuated by 
the continued presence of phosphate, there seems to be no necessary 
relation between these two conditions. On the one hand, mottle-leaf 
developed in plants that at no time wmre affected with root rot;, on 
the other, root rot occurred unaccompanied by mottle-leaf. 

The results of this experiment are more in harmony with the. view 
that zinc is an indispensable plant Jood. element, mottle-leaf of citrus 
being a manifestation of this deficiency, than' that this element func- 
tions aa an antiseptic or corrective. - 
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NUTRITIVE VALUE FOR DAIRY COWS OF ALFALFA HAY 
INJURED BY SULPHUR DIOXIDE ‘ 

By 0. C. Cunningham, dairy husbandman, L. H. Addington, assistant dairy 

'hushandman, New Mexico Agricultural Experiment Station, and Lewis T. 

Elliot, chemist, New Mexico Feed and Fertilizer Control Office ^ 

INTRODUCTION 

In the vicinity of some industrial plants, the concentration of sulphur 
dioxide in the atmosphere becomes sufficiently high to injure the 
vegetation. Alfalfa (Medicago sativa L.) is one of the plants that is 
most susceptible to injury from this gas. 

The injury to plants is of two types, chlorotic and acute {5)}^ The 
chlorotic type, which appears several days after fumigation, is evi- 
denced by a rather rapid disappearance of chlorophyll from an other- 
wise apparently normal leaf. The acute ty^pe sometimes results in 
markings of the alfalfa leaves within the hour, the leaves first stiffening 
and then becoming flaccid. The flaccid areas of the leaves bleach 
almost to an ivory color after exposure to a few hours of sunshine. 
The injury is first noted at the margin of the leaflet, and progresses 
between the veins toward the center. Leaves frequently drop from 
the plant when the greater part of the green tissue of the leaflets is 
destroyed. The injury with which this paper deals was mostly of the 
acute type, but there had been little, if any, dropping of the leaves at 
the time the alfalfa was cut. 

The question has been asked by farmers and others living in areas 
where the alfalfa crop is sometimes affected by sulphui dioxide whether 
the injury to the leaflets reduces^ the feeding value of the alfalfa. 
If the feeding value is reduced it is important to know whether the 
reduction is due to lessened palatability, to decreased digestibility, 
or to an actual diminution in the nutrient value of the plant. In the 
fall of 1930, alfalfa fumigated by sulphur dioxide became available 
and the opportunity was presented to studv the problem by conducting 
a 90-da3^ double-reversal feeding trial. 

EXPERIMENTAL MATERIALS AND METHODS 

A field of fourth-cutting alfalfa which had been noticeably marked 
by sulphur dioxide on three occasions and subjected to relatively high 
concentrations on numerous other occasions, was selected for the 
experiment. The alfalfa was grown between the approximate dates 
of August 3 and September 8, 1930, on a 20-acre field in the upper 
Rio Grande Abilley, situated about 4 miles northwest of the plant of 
the El Paso Smelting Works at El Paso, Tex. 
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Before the alfalfa to be used for the experiment was cut, the per- 
centage of the leaflets that were marked by the gas w^as determined. 
The calculations were made from the averages of actual counts of all 
the marked and all the normal leaflets within the area of a quadrat of 
4 square feet at definite intervals diagonally through the field, and 
from estimates based on these counts. The mjury varied greatly m 
different parts of the field, as is shmm in figure 1. Variation m the 


®Z0 PERCENT LEAFLETS 
INJURED (ESTIMATED) 


10 PERCENT LEAFLETS 
INJURED (ESTIMATED) 4/ 



Fi<irfiE 1.— -Alfalfa field, showing loration of points at which injury was estimated and area (within 
dotted lines) from which the experimental hay was obtained. 

intensity of injury is not unusual even in limited areas, and is some- 
tmes very marked over larger areas. This is thought to be due to 
air currents wMch vary the concentration of the gas, to the density of 
vegetation which absorbs the gas, and to differences in soil moisture. 
The alfalfa used for the experiment was taken from the south portion 
of the field only (the area within the dotted lines in fig. 1), where 
more than 25 percent of the leaflets were acutely marked and the inj ury 
was most conspicuous. 

The smelter was in continuous operation while the experimental 
alfalfa was growing, and during a large part of the time the wind was 
from the southeast and carried sulphur dioxide to the field. Eecords 
from an automatic sulphur dioxide recorder (7) located about 0.7 
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mile nearer the smelter stack, are believed to show the approximate 
durations of exposure and concentrations of sulphur dioxide to which 
this field was subjected (fig. 2). 

Owing to a burned-out fuse, the records for August 21 and 22 are 
incomplete, but the field is known to have been noticeably marked 



NIGHT DAY NIGHT 


Figuee 2.--Siilphiir dioxide fumigations recorded 0.7 mile from the fumigated alfalfa field, between August 3 
and September 8, 1930. Blank spaces indicate no sulphur dioxide; light lines, traces; medium lines, light 
concentrations; heavy lines, concentrations strong enough to mark vegetation; and dotted lines indicate 
recorder not working. 

on those days. On August 27 the heaviest fumigation occuiTed, 
TMs was 12 days before the hay was cut. 

Figure 3, an aerial photograph, shows the relation of the recorder 
and the smelter stack to the field from which the fumigated alfalfa 
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was obtained. It mav be noted that the recorder is nearly on an air 
line between the sooth corner of the field and the smelter stack. 
The photograph shows also the type of topography surrounding this 
narrow cultivated valley, which in part accounts for the varied air 
currents. 

For control purposes, fourth-cutting alfalfa grown durmg the same 
period in a field more than 30 miles north of the smelter was used. 
This hav was selected by a Government hay grader to match the 
fumigated hav as nearly as possible, except for sulphur dioxide 
markings. Tfie field from which the hay was obtained is located 
more than 20 miles beyond the most remote point from the smelter 
where even traces of sulphur dio.xide markings have been observed, so 
that it is reasonable to assume that the plants had not been subjected 
to sulphur dio.xide gas. 



it/i' ss 3, — Aerial photograph showiBg relative petitions of the fumigated field (within square) , gas recorder 
iln cirdei, and smelter smokestack (indicated hy arrow) in a narrow^ irrigated valley. The alfalfa fumi- 
gated With sulphur dioxide w’as obtained from wdthin the ar® enclosed by the dotted line. 


Boili lots of alfalfa as finally selected were -graded U. S. No. 2, Extra 
Leafy. The fumigated hay was foimd to consist of 42.03 percent of 
stems and 57.97 percent of leaves by weight. The check hay, con- 
taiiieci 40.93 percent of stems and 53.07 percent of leaves. The 
grader stated that the market value of the check hav was about 5 
pen^eut higher than that of the fumigated hay, principally on account 
id the iiiti'erenee in color. 

The double-reversal feeding and digestion trial of 90 days^ duration 
was fondiictecl with 10 lactating cows. All of the cows were excellent 
producers. It will be noted from table 1 that five of them were not 
pregnant at the end of the experiment, and only one had carried a.- 
fetus for more than 68 days. Eckles (i, pp. 41 S~ 4 iS) lias shown that. 
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the first 150 days of pregnancy do not materially affect the rate of 
milk production. 

Table 1.- — Description of cows used in the fumigated alfalfa experiment 


Cow 

no. 

Breed 

Age at 
close of 
experi- 
ment 

Dura- 
tion of 
preg- 
nancy 
at close 
of ex- 
peri- 
ment 

Time 
from 
freshen- 
ing date 
to close 
of ex- 
peri- 
ment 

Cow 

no. 

Breed 

Age at 
close of 
experi- 
ment 

Dura- 
tion of 
preg- 
nancy 
at close 
of ex- 
peri- 
ment 

Time 
from 
freshen- 
ing date 
to close 
of ex- 
peri- 
ment 

16... J 

Holstein-Friesian.- i 

Days 

1 , 861 

Days 

68 

Days 

156 

22. 

Jersey 

Days 

1,647 

Days 

C) 

Days 

368 

31 

do i 

1, 183 
958 

162 

206 

45 

Guernsey 

867 

(0 

(0 

50 

129 

42...-' 

do .......1 

40 

232 

24 

do 

1,500 

167 

4L„__j 

Guernsey ^ 

975 

(0 

139 

32. 

Holstein-Friesian.. 

1,168 

198 


Jersey „_i 

1,791 

(0 

393 

40 

do 

991 

8 

250 

i ‘ i 




1 Not pregnant. 


The cows were divided into two groups of five each. One group 
was fed the fumigated hay and the other was fed the check hay, the 
hays being reversed at the end of each 30-day period. Otherwise the 
rations of the two groups were identical and consisted of a good grade 
of silage made from Mexican June corn, a grain mixture consisting of 

3 parts of ground no. 2 mixed corn, 1 part of wheat bran, 1 part of 
cottonseed, and 1 part of cottonseed meal (43-percent protein). It 
is the practice in tliis vicinity to feed silage and a grain ration with 
the alfalfa, and this was done by dairymen who were concerned with 
alfalfa marked by sulphur dioxide. 

The time was divided into three periods of 30 days each. Diges- 
tion trials were conducted during the last 10 days of each 30-day period. 
Three of these 10 days -were allowed for the cows to become accustomed 
to the conditions of the digestion trials; the remaining 7 days were 
used as a collection period. 

The alfalfa was fed to the cows at the rate of 1% pounds for each 
100 pounds of live weight, the silage at the rate of IK pounds for each 
100 pounds of live weight, and the grain at the rate of 1 pound for each 

4 pounds of 4-percent fat-corrected milk. The proper amount of 
feed for each cow in relation to her weight and production of 4-percent 
fat-corrected milk was calculated at the beginning of the experiment, 
and the amount of feed was not altered during the 90 days of the 
experiment. During the first 20 days of each 30-day period the feeds 
were weighed to the closest 0.1 pound, and during the last 10 days of 
each 30-day period the feeds were w^eighed to the closest gram and 
the water consumed was weighed to the closest 0.1 pound. The 
weight of feeds fed per day for the entire 90 days and also the daily 
weight of dry matter in the orts during the digestion periods are shown 
in table 2. 

At the beginning of each digestion trial, enough grain to last for the 
full 10 days was thoroughly mixed and sampled, and the 30 feedings 
for each cow wwe weighed into paper bags and labeled. The silage 
was removed from the silo shortly before it was fed and the pi'oper 
quantity 'weighed for each cow. Eepresentative samples of the alfalfa, 
which was fed whole, 'were secured during each digestion trial. The 
values for alfalfa shown in table 3 are the averages of these samples. 
The feeds, orts, and feces were analyzed by the official methods of the 
Association of Agricultural Chemists (1). 
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Table 2 . — ‘Ainoufii of feeds fed pet day duTing entive 90 days, (i7id dvy 'inotieT in 
oris during digesiio-n trials, of fumigated-alfalf a experiment 


: .Feeds fed per 

day 

Dry matter in 
orts per day 

i 

1 

Feeds 

fed per day 

Dry matter in 
orts per day 

Cow BO. I i 

• AlfalM 1 Silage 

Grain 

Fumi- 

gated 

alfalfa 

Cheek 

alfalfa 

; Cow no. 

! 

Alfalfa 

Silage 

Grain 

Fumi- 

gated 

alfalfa 

Cheek 

alfalfa 

Grsrm ' Grams^ 

■16,... 11.430 ’ 9.708 i 

31 U,in0 i 9. 525 - 

42.... 9,117 ‘ 7,758 1 

Grants' 
8,30.1 I 
4,626 i 
5,034 1 

Grams 
1.668 
1. 768 
' 198 

Grams 

450 

3,551 

494 

i 

i 24 

32 

40 

Grams 

7,893 

9,525 

1 7,893 

Grams 
6,804 
8, 148 
6, 804 

Grams 
5, 442 
4, 083 

5, 442 

Grams 

0 

576 

720 

Grams 

0 

1,477 

108 

4.1 ■' 7. S93 i 6, 804 ! 

1.8 ' X30I ! 7,077 

4 , 1 
2,859 ; 

923 

i 

331 

1 493 

Mean.. 




■ 715 

845 

22 7,(177 i f.,1 23 , 

45 7 ' Ti Sll4 

3,402 ! 
4,899 1 

722 
378 ' 

910 
636 ! 

s. n ... 





794 





i Odds 



i— 

1 


2.11:1 


The perceiitage of the dry matter in the feedsj and the analyses of the 
dry mat ter j are sho^m in table 3. 


Table Z.'-^-CotnposUio'n of dry 7naiier in feeds fed during digestion trials to cows o?i 
fumigaied-alfalfa experiment 


.Kind of feed and period 

Dry 

matter 

Protein 

Fat 

Fiber 

Nitro- 

gen-free 

e.xtract 

Ash 

Mixed Rraiii: 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

PericKl 1 ' - 

\ 92.39 

20.31 ! 

9.03 

12.34 

53.23 

5.09 

Period. 2 

1 91. 35 

i 20. 83 

8.67 

14.02 

51.39 1 

5.09 

Period 3 

93.32 

i 19.97 

9.57 

12,77 

52.76 

4.93 

Silage - — 

1 22. 17 

7.18 

2.20 

29.85 i 

52.21 

S. 56 

A,lfalfa.,, fiiiii.lg,st.ed 

1 87. 21 

35.29 

1.80 

32.99 i 

41.54 i 

8. 38 

Alfalfa, cheek - 

i 85.39 

13.45 

1.79 

36.89 

39.88 

7.99 


Two samples from each of the lots of hay were analyzed for sulphur 
by the Burgess-Parr bomb method. The average sulphur content on 
a moisture-free basis for the check hay was 0.384 percent, and for the 
fumigated alfalfa, 0.617 percent. 

The eiierg}" of the feeds was determined by the use of the Parr 
oxygen-bomb calorimeter apparatus. The Benedict ' oxycalorimeter 
was used to determine the energy value of the refuse and feces. The 
energy in the milk was calculated^ by the method of Gaines and. David- 
son (4). 

^ Sand was used for bedding during the 3 preliminary days of each 
digestion trial, and canvas mattresses filled with straw were used during 
the 7 collection days. Attendants were constantly present to collect 
the excreta. At the end of each 24-hour collection period the excreta 
were thoroughly mixed and an aliquot portion taken for a composite 
sample. 

ThFoiighout the 90 days of the experiment the cows were weighed 
tetween 10 and 11 a. m., and while on digestion trial, at 5 a. m. also. 
During the digestion period the cows were exercised for 30 minutes by 
walking 1.25 miles immediately affor the 10 a, m. weighing. 

Tiie milk was weighed at each milking during the entire 90 days and 
a 5-day composite sample was secured for butterfat analysis by the 
Babcock method. 
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EXPERIMENTAL RESULTS 

MILK PRODUCTION 

The results secured, as measured by the production of 4-percent- 
fat-corrected milk wliile the two hays were consumed, are sho^ui in 
table 4. The productions during the second 10 days of the first and 
the third 30-day periods were averaged. This average was compaxed 
with the production during the second 10 days of the second 30-day 
period, in order to compensate for an advancing lactation period. The 
average production of 4-percent fat-corrected milk per cow while the 
cows were fed fumigated hay was 345.6 pounds, and while they 
received the check hay, it was 341.1 pounds. ViTien the data are 
analyzed by Student’s method (^), the odds are 2.68:1 that the differ- 
ence is significant. It is apparent that there was no significant differ- 
ence in the results secured with the two rations as fed in this 
experiment. 

Data for the milk produced during the rest of the experimental 
period are not presented in detafi since the^^- were concordant with the 
data presented in table 4. The total production of fat-corrected milk 
during the portions of the 90-day trial that the 10 cows received 
fumigated hay was 15,508.3 pounds and during the portions that they 
received the check hay, 15,151.5 pounds. "^Mien the production of the 
first and the production of the third 30-day period were averaged and 
compared with the production of the second 30-day period, it was 
found that 10,276.0 pounds of 4-percent fat-corrected milk was pro- 
duced while the fumigated hay was fed, and 10,129.2 pounds wliile the 
check hay was fed, a difference 0.1 percent greater than that shown by 
the data in table 4. 


Table A.— Milk production while cows received alfalfa kay f umigated with stdphur 
dioxide compared with production while cows received non fumigated hay during 
10-day periods of a double-reversal feeding trial 


Cow no. 


IG. 

31. 

42. 

41. 

18. 


4-per- 
eeiit fat- 
correct- 
ed milk 
during 
fumigat- 
ed hay 
periods 

4-i>er- 
cent fat- 
correct- 
ed milk 
during 
check 
hay 
periods 

n 

i>2 

Cow uo. 

4-per- 
cent fat- 
correct- 
ed milk 
during 
fumigat- 
ed hay 
periods 

4-per- 
cent fat- 
correct- 
ed milk 
during 
check 
hay 
periods 

I) 

I>2 

! Pounds 
! 603.93 ) 

Pounds 
553.76 1 

50. 17 

2,517.03 

45 : 

Pounds 
380. 18 

Pounds 

369.28 

10. 90 i 

118.81 

1 286. 25 1 

310.32 

-24.07 

579. 36 

24 

377. 00 

396.38 

-19.38 

375,58 

371.88 ! 

367.75 1 

' 4.13 

17.06 

32.„..- 

315. 02 

307. 13 

7.89 ' 

■ 62.25 

305.08 1 

336.40 

-21. 32 

454.64 

40 

426.90 1 

407.72 

19.18 

367.87 

160.50 
239.55 i 

167. 03 ■ 
204.72 

-6.53 

24.83 

42.64 

616.53 

Total- 

|3,456.29 

3,410.49 

,45.80 : 

5, ,151. 67 





Average.,, 

345.63 

341.05 

■; 4.58 

.515. 167 


By Student’s method: S. Vsi5.167-(4.58j2==22.23 
M 4 58 

Odds=2.68:I that therels a significant difference, 
to establish a definite difference. 


Oddsnf 25 or 39 tol are required 


WEIGHTS 

^ A S-dajr runnmg average of the weights of each cow revealed con- 
siderable variation in fill and shrink incident to stabling for digestion 
trials, but there wei*e no significant actual gains or losses in weight 
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(luring the 90 days. During the T-day collection periods^ each of the 
cows was w'eiglied at 5 a. bi., the weights at both the beginning and 
the end of each period being included, wdiich gives a total of eight 
for each cow for each digestion trial. The average w^eight of the 
cows wiiile receiving the fumigated hay was 1,079.8 pounds, and wdiile 
receiving the dieck hay, 1,078.2 pounds — a difference of only 1.6 
pounds. 

PALATABILITY 

The rations contained a relatively large quantity of alfalfa and the 
cows received as much alfalfa as they would consume, or slightly more 
so that the orts from the two hays might indicate their comparative 
palatabilitj. In most cases the material refused w^as alfalfa stems. 
During the second digestion trial, cow 31 was off feed for a few days 
and passed a small ainount of blood with the urine. This apparently 
accoimts for her Mgh feed refusal during this period. 

The dry matter in the orts wms determined for the periods that the 
COW'S were on digestion trials. The results are showm in table 2. 
The mean weight of dry matter in the orts while the cows received 
funiigated hay vras 715 g. per day and while they received the check 
hay, 845 g. 

The dry matter in the orts during the first 20 days of each 30-day 
period was not determined, but the daily w'eights of orts were prac- 
ticalh^ the same as during the digestion periods. 

These results, as w'ell as observations made when rations were 
changed, indicate no difference in palatability of the tw'o rations. 

APPARENT DIGESTIBILITY OP THE COMPLETE RATIONS 

The apparent digestibility of the dry matter, energy, protein, ether 
extract, fiber, nitrogen-free extract, and ash is shown in table 5. In 
no case was there a significant difference between the two rations. 

The correlation (8) between the apparent digestibihty of the energy 
and of the dry matter in the 30 trials (0.9441) was very liigh. The 
high correlation is clearly indicated in figure 4. 


Table 5, — Apparent digestibility of the mrious constituents of entire rations con.'- 
iaining fumigated and nonfumigoded alfalfa 


. Cow sc*. 

Dry matter | Esergy 

Protein 

Etber ex- 
tract 

Fiber 

Nitrogen- 
free extract 

Ash 

s 

s 

B 

3 

; 1 

^ 1 .1 

1 f 1 

L ! 

u 

0 

0 

<D 

,!5e 

1 

,D 

-rt 

9 

3 

.if! 

© 

0 

ra 

< 3 ? 

'S 

S 

fa 

© 

0 

ns 

© 

eS 

M 

1 

fa 

•a 

© 

0 

© 

Wi 

1 

d 

fa 

M 

0 

© 

JS 

0 

if? 

42 

41 

.. . 

22.. 

45-. 

24 

32.- 

40 

Mean - - 1 

S, D ' 

CWcis 

Pif- 

eent 

64. 6 

65.7 
65. 2 

65. 6 
(15. 1 

57 . 6 

t 65. 7 

i fas 
' M.4 
§7,1 1 

65.0 i 

Ffr- ' Pn- 
smt \ eem 
66. 6 , 65. 0 
71. 1 : 65. 2 
65, I , 64. 0 
62. g 1 m. 8 
m.Q i 64.5 
«).5 ? 5S.8 
, ©.3 ! 66.4 
m. S j 2 
67.3 j €4,2 ' 
67.0 j 67.9 ^ 

Per- 

ctni 

67.8 

71.3 
«.3 

63.7 
&18 
61. 1 

63.8 

65.4 ' 

66.9 ^ 
fi7,8 f 

[- — ^ — i 

Per- 

cisnt 

70.6 

69.1 

70.1 

m.& 

71.6 

67.2 
72.5 

74.7 
711 

75.8 

Per- 

cent 

70.8 

75.5 

68.9 

70.6 
70.2 
68.1 
67.0 
mA : 

* 70.7 : 
I 71.5 

Per- 

cent 

89.6 
87.2 
87.0 

86.7 
84.6 
71.9 

ft 5' 
m3 

Per- 

cent 

93.0 

88.7 

87.8 
'87.7 
78.3 

84.1 

83.1 
83.5 

m 2 

85. S 

Per- 

cent 

46.7 

52.9 

51.2 
53.0 

54.2 

40.9 

53. 9 

* . 55.5 

i 53.1 

1 50.4 

Per- 

cent 

52.5 

63.6 

54.7 
51.2 

54.4 

48.9 

49.9 

50.5 
'61.8, 

57.9 

Per- 
cent 
71,7 
72. 7 

72.3 
72. 5 

71.4 
67. 3 

(■■■73.4 
' 77.6 
, 70.4' 

; 74.8 

Per- 

cent 

74.2 

75.4 

72.3 

70. 5 
71.0 
68.7 

71.3 

74.3 
72.4: 
72.9 

Per- 

cent 

46.4 

45.6 
45.2 
42.1 
43.8 

26.4 

29. 6 
4,4.3 j 
38. 5 ' 

39.7 

Per- 

cent 

44. 1 

50.4 

38.1 

29.4 
' 41.4 

32.2 

38.2 

48.3 

44.5 

39.4 

65.3 1 65.1 

j 65.8 1 

71.3 ■ 

j 6®.S 

ST: 

85.2 

1 51.2 

54. 5 

72.4 

t 72.3 

40.2 

40.6 

'i 21 1 i 

1.6:1 i : 

i I 

2.87 j 
2.9:1 j 

‘ 141 


TiTl 
12:1 1 

r ■ 

1 I 

1 5. 25 
jl8.S:l 

2.03 

1.0:1 



6. 37 
: "I.!:! 



Sept. 1, 1937 Nutritive Value of Alfalfa Injured by Sulphur Dioxide 389 

PERCENT OF ENERGY INTAKE RETURNED IN MILK 

The energy in the milk produced by the cows while on the digestion 
trials was determined by converting the milk production to the equiv- 
alent amount of 4-percent fat-corrected milk (4). The percentages of 
energy intake returned in the form of milk when the two rations were 
fed were determined and compared by Student’s method as shown in 
table 6. The means are 18.65 percent for the fumigated-alfalfa periods 
and 18.49 percent for the check-alfalfa periods. This difference is not 



Figure 4.— Correlation between the apparent digestibiliti^ of the dry matter and of the energy in the total 
ration. The ration consisted of alfalfa, corn silage, and a grain mixture, and was fed to 10 cows during 
each of 3 digestion trials. 

significant. Forbes and Voris (5) show an average return of 20.76 
percent of the energy fed to 12 cows throughout the duration of their 
lactation periods. The variations in their experiments were between 
18.04 and 23.35 percent for the individual cows. It may be pointed 
out that the rations fed to the cows in the experiment of Forbes and 
Yoris were reduced as the lactation advanced to correspond to the 
production of the individual cows. 
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Table 6 . — Energn irdake returned in milk from cows fed rations cotaining fumi- 
gated and nonfumigated alfalfa 


Cow n.o.. 

Fumi- 

gated 

alfalfa 

Check 

alfalfa 

Cow no. 

Fumi- 

gated 

alfalfa 

Cheek 

alfalfa 

1ft 

Perceni 

22,42 

1 15.46 

B.37 
' 17. 76 

11. 59 
^ 15. 52 

22. 05 
20. 17 

Percent 
2L S7 

^ 18. 12 

' ' 20.07 1 

16.33 j 
10, 37 i 
! 16.57 i 

! 20. 83 i 

19. 95 

32 

Percent 
IS. 78 
23. 42 

Perceni 
18. 24 
22. 5S 

SI 

40 - 

42. ; 

41..... ' - ...1 

IS i 

j 

Alean - - 

S. D ' 

18. 65 

IS. 49 

1. 2158 

1. 83:1 

1 

99 i 

45 ^ 

Odds 

21 J 



pH VALUE OF THE URINE 

Every iiioraiiig wMle tie digestion trials were in progress, a sample 
of, approximatehvlOO cc of urine was secured from each cow. Wlien 
tlie temperature of the samples had reached equilibrium with the tern- ' 
perature of the room (between 60® and 70® F.) in which the potenti- 
ometer -was located, the pH value was determined. A Leeds and 
Nortliriip 7655 potentiometer and a quinhydrone electrode were used. 
The pH values ranged from 8.22 to 8.43 while the cows were fed the 
fiiniigated alfalfa, and from 8.18 to 8.57 while they were fed the check 
alfalfa. The respective approximate means were 8.30 and 8.38. 
^^hile the pH value of the urine tended to be lower when the ration 
contained the alfalfa with the higher quantity of sulphur, the odds of 
8.33:1 indicate no significant difference. 

SUMMARY 

In a 90-day double-reversal feeding trial, 10 purebred cows, Hol- 
stein-Friesians, Jerseys, and Guernseys, were fed a ration of mixed 
grain, corn silage, and alfalfa that had been injured by sulphur dioxide 
gas.^ For comparison the same ration was fed, except that non- 
fiiinigated alfalfa was used. 

The average daily production of 4-percent fat-corrected milk per 
cow was found to be 34.6 pounds while the cows received the fimii- 
gat^l alfalfa, and 34.1 pounds while they received the check alfalfa 
during the second 10 days of each 30-day period. 

There were no significant changes in- the weights of the cows. 

The last 10 days of each 30-day period were used to determine the 
apparent digestibility of the two rations. No significant differences 
were foiincl in the apparent digestibility of the various constituents 
of the rations when the results from feeding the two hays were. com- 
pared. A correlation of 0.9441 was found between the., apparent 
digestibOity of the dry matter and the apparent digestibility of the 
energy. 

During the digestion trials the average daily refusal of dry matter 
wus 715 and 845 g per cow while receiving the fumigated alfalfa ,'and 
the check alfalfa, respectively. The difference is not significant. - 

Of the ingested^energy, 18.65 percent was returned in milk while, the 
cows were receding the fumigated alfalfa, and 18.49 percent while 
they were receinng the cheek alfalfa. The difference is not significant . 
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While the pH value of the urine voided by the cows when receiving 
the fumigated alfalfa was slightly lower than when receiving the check 
alfalfa with its somewhat lower sulphur content, the difference is not 
significant. 

CONCLUSION 

No significant increase or decrease in the feeding value of alfalfa 
hay made from alfalfa subjected to a sufficient amount of sulphur 
dioxide to cause acute injury to more than 25 percent of the leaflets 
was apparent under the conditions of this experiment. 

LITERATURE CITED 

(1) Association of Official Agrictjltukal chemists. 

1930. official and tentative methods of analysis . . . Ed. 3, 593 pp., 

illiis. Washington, D. C. 

(2) Eckles, C. H. 

1931. dairy cattle and milk production, prepared for the use of 

AGRICULTUR.iL COLLEGE STUDENTS AND FARMERS. 591 pp., illus. 
New York and London. 

(3) Forbes, E. B., and Yoris, L. 

1932. THE economy of conversion of food ENERGY INTO MILK ENERGY 

BY THE DAIRY COW. JoiiT. Nutrition 5: 395-401. 

(4) Gaines, W. L., and Davidson, F. A. 

1923. relation between percentage fat content and YIELD of MILK., 

CORRECTION OF MILK YIELD FOR FAT CONTENT. 111. Agr. Expt. 

Sta. Bull. 245, pp. 577-621, illus. 

(5) Hill, G. R., and Thomas, M. D. 

1933. INFLUENCE OF LEAF DESTRUCTION BY SULPHUR DIOXIDE AND BY 

CLIPPING ON YIELD OF ALFALFA. Plant Plivsiol. 8: 223-245, illus. 

(6) Love, H. H. 

1924. A MODIFICATION OF STUDENT’S TABLE FOR USE IN INTERPRETING 

EXPERIMENTAL RESULTS. Jour. Aiiier. Soc. Agron. 16: 68-73. 

(7) Thomas, M. D. 

1932. AUTOMATIC APPAR.\TUS FOR DETERMINATION OF SMALL CONCENTRA- 
TIONS OF SULFUR DIOXIDE IN AIR. III. Iiidus. Riid Engln, Gliem., 
Analvt. Ed. 4: 243-256, iUus. 

(8) Wallace, H. A., and Snedecor, G. W. 

1925. correlation and machine calculation. Iowa State GoL Off. 

Pub. 27, no. 35, 47 pp. 




CERTAIN RELATIONSHIPS BETWEEN THE CALCIUM AND 
OXALATE CONTENT OF FOLIAGE OF CERTAIN FOREST 
TREES ^ 

By Robert F. Chandler, Jr. 

Assistant professor of forest soils. New York {Cornell) Agricultural Experiment Station 

INTRODUCTION 

That calcium oxalate crystals exist in the tissues of many plants 
is a well-established fact. Little investigation, however, has been 
conducted to determine what proportion of the calcium is present 
as the oxalate, or what percentage of the oxalate ions are combined 
with calcium. This paper shows in what form the oxalate ions 
exist in the leaves of certain forest trees and indicates certain associa- 
tions between the calciiim content and the oxalate content of the 
leaves. 

No attempt is made at this time to formulate a theory wliich 
associates the calcium requirements of forest trees with the pro- 
duction of oxalic acid. Such a relationsliip may exist, but the data 
included in this paper do not adequately substantiate such a theory. 
Further studies are being conducted on tliis problem. 

EXPERIMENTAL METHODS 

The trees from which the leaf samples were picked were growing 
in the vicinity of Ithaca, N. Y,, on Dunkirk silty clay loam and 
Lordstown stony silt loam. The Dunkirk soil is derived from glacial 
lake-laid deposits, and has an acid surface soil, but a calcareous 
subsoil. The Lordstown soil is derived from glacial till composed of 
fragments of shale and sandstone. It is acid throughout the profile. 

The leaf samples were secimed between September 10 and 15, 
1936, according to the teclmique described by Mitchell.^ The 
samples were dried for 24 hours at a temperature of 70*^ C., and 
subsequently ground so that all of the material passed through a 
40-mesh sioA^e. 

In the determination of total calcium, a sample was ignited 
in an electric muffle furnace at a temperature of approximately 
800° C. The ash was taken up Avith hydrochloric acid and trans- 
ferred quantitatiA^ely to a 150 ml beaker. The calcium Avas pre- 
cipitated as the oxalate by the usual method, and titrated AAuth 0.05 
noriiial potassium permanganate solution. 

The total oxalate content of the tissues AA-as determined by the 
ether extraction method of Pucher, Vickery, and Wakeman.^ 

The acetic acid-insoluble calcium AA^as determined as follows: A 
2 5-ml portion of normal acetic acid solution aauis added to a 1-g leaf 

^ Received for publication June 17, 1937; issued September 1937. 

vAIITCHELL, H. L. trends in the 'NITROGEN, PHOSPBORU'S, AND POTASSIUM CONTENT O'F THE LEAVES 
OF^soME FOREST TREES DURING THE G'ROAViNG SEASON. Black Rock Forest Papers 1, no. 6, illus. 1936. 
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sample and. tlie iiiixtiire was agitated on a mechanical shaker for 10 
iiiiiiiites and then filtered on asbestos by the use of suction.. It was 
next washed with successive 25-iiii portions of the acetic acid solution 
until somewhat more than 200 ml had passed thmugh the filter. The 
filtrate was then transferred to .a 250 ml volumetric flush. A 50-ml 
alicpiot was evaporated to dryness and the calciimi content deter- 
mined ill the same manner as described above. This value, the acetic 
acid-soluble ealciiiiii, was subtracted from the ^ total calcium content 
to determine the amount which was insoluble in acetic acid. It was 
assumed that this fraction corresponded to calcium in the form of 


calciiini oxalate. 


EXPERIMENTAL RESULTS 


The total calcium content, total oxalate content, and acetic acid- 
insoluble calcium of the foliage of various tree species are presented 
in table L The results are expressed as millieqiiivalents per 10 g of 
oven-dried inaterial. The percentage of calcium insoluble in acetic 
acid and the series designation of the soils upon \yhich the trees were 
growing are also reported. The tree species are listed in the order of 
their increasing total calcium content. 

Tablb 1 . — Total calcium content, Mai oxalate content, and acetic acid-insoluble 
calcium content of foliage of various forest trees 


Tree sjiecies 

Soil series 

Total 
calcium 
per 10 g 

Total 
oxalates 
per 10 g 

Calcium 
insoluble 
in acetic 
acid per 
10 g 

Portion 
of total 
calcium 
insoluble 
in acetic 
acid 

Wliit© pine, PtnmMmbm L. (new needles) 

Dunkirk 

MillP 

eguimlenfs 

2.65 

Milli- 
eowmlenis 
1. 55 

Milli- 
equivalenis 
1 . 53 

Percent 

57.7 

Eetl oak, Quercus borealis var. maxima (Marsh.) 
Asbe. - — 

Lordstown.. 

5.20 

2.47 : 

2.45 

47.2 

Chestnut oak, Quercm moniana Willd— 

do 

6.00 

3.21 

3.25 

54.2 

Yellow bireh, Bitnla lutea Michx 

! do 

i 7.51 

4. 45 

4.50 

59.9 

Sugar maple, Attr mecharum Marsh 

!.-_.-do 

1 7.95 

4. 75 

i 4.70 

1 59,1 

White T%uja ocddentaiis "L. (new leaves)-. 

Red C!edar„ Juniperm cirginiana L. (new leaves).. 

Dunkirk 

i 8. 75 

6. 01 

5. 99 

68.4 

.....do 

8.85 

6.55 , 

6.60 i 

74.6 

Wliite ash, Fmzinm umtrkana L 

Lordstown— 

10.05 

5.51 i 

5. 65 

56.2 

White cedar (old leaves) 

Dunkirk i 

11.30 

8.54 i 

8. 55 

75. 6 

Ironwood, Ostrfa rirginiana (M,ill.) Koch 

Lordstown— 

13.10 

8.51 1 

8.60 

65. 6 

Trembling aspen, P&puim irem-mloiies Xliehx 

do 

13.24 

5.71 

5.52 ; 

41.6 

' Bo 

Dunkirk 

13.30 

6.41 I 

6.43 

48.3 

Pigmit hickory, Ilicmia glabra (Mill.) Sweet 

Lordstown— 

13.31 

12.69 

11.52 

86.6 

Red wdai (old leaves) 

Dunkirk 

, 14. 81 

13. 62 

11.81 ; 

79. 7 

Pignut hickory 

Lordstown— 

16,85 

16. 12 

14.98 

88.9 

Biisswoocl, TUia umerkam L 

do. 

IS. 13 

10.91 

10.92 

60.2 


There was a distinct tendency for the total oxalates to be correlated 
with the total calcium content. Trembling aspen and basswood were 
outstanding exceptions to this rule, and white ash and ironwood ivere 
soiiiewiiat out of line. The total oxalates did not exceed the total 

calcium in any ease. 

A comparison of the total oxalates and acetic acid-insoluble calcium 
shows a close agreement in nearly all cases.' This seems to support 
the concliision that in most cas^ all of the oxalate ions w^ere combined 
with calcium. Pignut hickory and red cedar were the only two 

exceptions to this rale. 

.in examination of the last column of table 1 shows that , the per- 
centage of the total calcium pr^ent as calcium ox.alate varied con- 
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siderablY. The two aspens and red oak were lowest in this respect. 
The white cedar, red cedar, and pignut hickory were highest. There 
was a close agreement between the figures for the two aspen samples, 
as well as for the two hickoiy samples, although each tree was growing 
on a different site. The data also indicate that when the calcium 
oxalate content reaches a certain value (79 percent or above) in 
relation to the total calcium any oxalic acid formed in excess of that 
amount will be in some form other than calcium oxalate. 

DISCUSSION 

The fact that the calcium content always exceeded an equivalent 
amount of oxalates is of particular interest. Of course, if all the 
oxalates were present as calcium oxalate, the above situation would 
have to exist, fhe question arises, however, as to why the production 
of oxalic acid in the leaves was maintained within such limits as to 
prevent it from exceeding the calcium content, or, conversely, why 
the absorption of calcium was limited to such an extent that it did 
not exceed the oxalate content to any great degree. Parker and 
Truog * advanced the theory that the amoimts of calcium and nitrogen 
in plant tissues are highly correlated because of the fact that protein 
metabolism is one of the chief sources of organic acids and the calcium 
absorbed would function in the neutralization of these acids. 

The total nitrogen content of the leaves used in this study was 
determined. There was essentially no relationship between the nitro- 
gen and the oxalate content. For example, the old red cedar leaves 
contained only 1.34 percent of nitrogen, yet the oxalate content was 
13.62 millieqiiivalents. Red oak, on the other hand, had a nitrogen 
content of 2.05 percent, with an oxalate content of only 2.47 milli- 
equivalents. It would appear, therefore, that the production of oxalic 
acid in the forest tree leaves used in this study was dependent upon 
more factors than simply the nitrogen content. Furthermore, Dunne ^ 
has indicated that calcium does not necessarily fimction in the neu- 
tralization of organic acids, since other bases such as potassium are 
sufficient for the process. 

Another factor which complicates the explanation of these results 
is that two species, namely, cucumbertree, Magnolia acuminata L., 
and tuliptree, Liriodendron tulvpifera L., did not contain any oxalates. 
They had a calcium content of 7.70 and 15.15 millieqiiivalents, 
respectively. All of the calcium in each case was soluble in normal 
acetic acid solution. It is of interest to note that cucumbertree and 
tuliptree belong to the same botanical family, which further indicates 
that the production of oxalic acid by plants may be an inherent 
characteristic, and is not necessarily influenced by environment. 

If the absorption of calcium is strongly influenced by the precipi- 
tation of calcium as calcium oxalate within the plant, one wmuld 
expect those species wiiich produce no oxalic acid to contain relatively 
small amounts of calcium. But, as has been shown above, such may 
not be the case. There are other forncis of wuiter insoluble calcium, 
of course, which would be soluble in acetic acid and would not be 
revealed in this study. Such forms might be more abundant in those 

i Paekek, F . W., and Truog, E. the relation between the calcium, and the nitrogen content 
OF plants A.ND THE FUNCTION OF CALCIUM. Soil Sci. 10:49-56, illus- 1920. 

5 Dunne, T. C, plant bu,fb'Er sysTE.Ms in' relation to absorption of bases by plants. Hilgardia 
7:237-234, 'illus. 1932. . • ^ • 
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species milieli had a high calciiim content with small ^ amounts of 
oxalates or none. Additional study is needed on this point. 

The fact that, with the exception of two species, essentially all of 
the oxalates could be accounted for as calcium oxalate is interesting. 
This is not true of certain other plants. Lebedeva and Pochinok,^ 
working with sugar-beet leaves, showed that water-soluble oxalates 
were present in quantities up to five times the amount of calcium 
oxalate, and, moreover, they found no water-soluble or acetic acid- 
soluble calcium. Dunne has shovm that buckwheat plants may 
contain in equivalent amounts nearly twice as much oxalate as cal- 
cium, His data indicated that oxalic acid could be precipitated in a 
relatively water-iiisoiiible form by either calcium or potassium, the 
latter case resulting in the formation of potassium acid oxalate. 

The fact that the calcium content of the older leaf tissues, in the 
ease of the cedars, was greater than the oxalate content, even though 
the oxalate content had increased over that of the younger tissues, 
again showed a distinct relationsliip between calcium and oxalates. 
Whether the calcium content was related to the oxalate content or 
whether outside factors influenced both values, is a matter for conjec- 
tiire. It does not seem likely however, that these relationships were 
entirely accidental. 

Forther w’ork is needed on the forms of 'water-insoluble calcium, on 
the metabolic availability of calcium as calcium oxalate, and upon 
the actual calcium requirements of forest tree species. 

SUMMARY 

A study lias been made of the relationship between the calcium and 
the oxalate content of the foliage of various forest trees. 

The total oxalates in the leaves were, in general, found to be corre- 
lated with the total calcium content. 

In none of t!ie species studied did the total oxalates exceed the total 
calcium content. 

Except in two species, all of the oxalates were present as calcium 

oxalate. 

The leaves of certain forest trees may not contain any oxalates, yet 
the ealciiini content may be high. 

LEBEli'EVA. A. 0., iind PyCEINOK, K. N. THi: PETERHINATION OF THE FORMS OF CAEClUM AND OXALIC 
A€n> IN' LEAVES OF i^iyAR BEETS. X'aueh. Zap. Sakbarnoi Prom. 11, Book 46-8, no. 8-10. 31-47. 1934. 
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POTENTIALITIES OF ERADICANT FUNGICIDES FOR 
COMBATING APPLE SCAB AND SOME OTHER PLANT 
DISEASES > 

By G. W. Keitt, professor of plant pathology , and D. H. Palmiter, formerly 
^research associate in plant pathology j Wisconsm Agricultural Experiment Station'’^ 

In a recent paper, one of the writers (ISf called attention to the 
current reliance on protectant spraying as the dominant measure for 
control of many fruit diseases, and suggested the desirability of in- 
creased effort to develop control programs of complementary pro- 
cedures based on the principles of immunization and eradication, as 
well as protection. The purpose of the present paper is to report the 
progress of studies of potentialities for increased application of the 
principle of eradication to the control of certain types of plant disease 
through the use of eradicant fungicides. The experimental basis 
of several brief preliminary reports on this work (18, 14, 18, 16, 17, 
18, 19, 20, 2o) is recorded herein. 

STUDIES ON APPLE SCAB 

INTRODUCTION 

Apple (Malus sylvestris Mill.) scab, caused by Venturia inaequalis 
(Cke.) Wint., is the most widespread and important disease of decidu- 
ous orchard fruits. Despite the excellent progress that has been 
made in developing measures for its control, it continues to take a 
heavy toll from the gro veers and consumers of apples. 

Since the advent of bordeaux mixture, protectant spraying (or dust- 
ing) has been the dominant measure for apple scab control. So 
great has been its success that comparatively little attention has 
been given to the development of complementary measures. 

Failures of approved spraying practices to give adequate scab 
control in Wisconsin led one of the writers and his associates (10, 
16, 24, 83) to undertake a series of studies relating to the epidemi- 
ology and control of this disease. The earlier work (16) indicated 
(1) that, under the conditions encountered in this State, ascospores 
comprise the only important primary inoculum, and (2) that the quan- 
titative level of the ascosporic inoculum is of prime importance in 
relation to epidemiology and control. It was further shown that 
protectant spraying is adapted primarily to control of the disease on 
the fruit, and ordinarily fails to control leaf infection sufficiently to 
preclude the development of a dangerous ascosporic inoculum in the 
following spring. Since all the blossoms expand in a relatively short 
time, it is usually feasible to keep them and the developing fruits 

1 Received for pEblication Apr. 26, 1937; issued October 1937. This work was supported in part by a 
grant from the Wisconsin Almuni Research Foundation. 

2 Grateful acknowledgments are made to Drs. E. E. Wilson and J. M. Hamilton for collaboration in 
the earlier work on apple scab, and to other members of the Department of Plant Pathology for assistance 
in performing the spraying evrwrinients and recording the results. 

^ Reference is made by number (italic) to Literature Cited, p. 435. 

^ It is obvious that some eradicant fungicides may have protectant value, and vice versa. In this paper 
fungicides are referred to as eradicant or protectant according to their dominant role. 
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adeciiiatety protected by fungicidal treatments. However,, new 
leaves are produced during a much longer ^period, and unprotected 
leaf surface in,ay be exposed between fungicidal treatments of any 
feasible frequency. The current method of scab control by protectant 
fungicides is, t^herefore, based chiefly on a philosophy of defense. The 
pathogen is permitted to maintain a high survival level,, and under 
conditions of moderate or severe occurrence of the disease there is 
usually little or no cumulative control {15, 16). ^ ^ 

These considerations suggested a critical reexamination of the 
current defensive methods of apple scab control and an exploration 
of possibilities for developing complementary offensive measures 
designed for direct attack on the pathogen, with the aim of reducing 
it to a quantitative level at which it might be more surely and eco- 
n.omic,all,T controlled. 

Despite its great accomplislxmentSj the protectant fungicidal method 
of scab control has some sharp limitations. The most fundamental 
one, its failure to reduce the pathogen to a sufficiently low survival 
level to accomplish satisfactory cumulative control, has just been 
discussed. A further and increasing difficulty in the protectant 
program is the conflict between the requirements of sufficient toxicity 
for adequate control of the disease and freedom from objectionable 
host injury. Increasing age of orchards and concentration of apple 
culture tend to increase the severity of the disease and, consequently, 
the need for protection against the fungus. At the same time, rising 
standards of quality of fruit and increased knowledge of effects of 
liost injiirv make for lessening the tolerance of toxicity to the host. 
Considerations of host injury have led to the use of progressively 
y^eaker fungicides. Bordeaux mixture has largely been replaced by 
lime-sulphur, which in turn is being replaced by less toxic materials. 
However, decreased toxicity of the fungicide necessitates increased 
frequency and cost of application or increased danger of failure to 
control the disease. Another limitation of programs based too 
exclusively on the use of protectant fungicides is the constant danger 
of serious failure to control the disease in the event of unusually severe 
epidemics or unavoidable dislocations in the program of applications 
incident to weather conditions, failure of machinery, or other causes. 
Furthermore, these programs are objectionably laborious, time 
consuming, and expensive. 

In exploring the possibilities of developing control measures to 
complement protectant spraying, attention was turned first to con- 
sideration of means for a direct attack on the pathogen, with the 
immediate objective of reducing its survival level sufficiently to 
facilitate eontroL ^ It w'as thought that a sufficiently drastic reduction 
in the ascosporic inoculum might insure the success of the protectant 
program, even under^the most favorable conditions for scab develop- 
that lessening the severity of the strain on protectant spray- 
ing might permit the use of milder fungicides or fewer applications. 
The nearest feasible approach to local eradication of the pathogen 'was 
regarded as the ultimate objective of this Iffie of work. 

There have been many previous attempts to apply eradicant meas- 
ures to apple scab control ; but, whether because the idea is impractical 
or the methods developed were not sufficiently effective, compara- 
tively little progress has been made. 

Disposal of the fallen leav^ by burning or burying was empirically 
recommended long before it was proved that the scab fungus over- 
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winters in them. Turning the leaves under by clean culture before 
the ascospores are discharged is often recommended, and is generally 
regarded as a desirable aid to scab control in situations where such 
cultivation is a feasible and economic horticultural practice. How- 
ever, there are a great many situations in which this procedure is not 
feasible; and, furthermore, exact studies of its effectiveness in relation 
to the epidemiology and control of scab are lacking. The chief limita- 
tion to its success in situations where it can be practiced advantageously 
appears to be its comparative ineflSciency as an eradicant measure. 

Possibilities of reducing the sm'^dval level of the scab pathogen by 
spraying have received consideration from time to time; but advances 
in this direction have been sharply limited both by insufficient under- 
standing of basic phenomena in the epidemiology and control of the 
disease and lack of suitably adapted materials and methods. Expeii- 
mentatidn in ttiis direction has hitherto been dominantly concerned 
vith fungicides that were developed primarily for protectant spraying. 
For reasons that have been stated, efforts to suppress the pathogen 
through cumulative effects of protectant spraying have met with 
comparatively little success. Jehle and Cory {12), following a sug- 
gestion of W. G. Travers, tested the value of an application of bor- 
deaux, 10-1 0-50, made just after harvest and before many of the 
leaves had fallen, tliinking that it might check spore production in 
the fallen leaves in the spring. They concluded that, ^^Ttlien no other 
material was applied except Bordeaux in the fall, there was apparently 
a slight gain in the number of fruits free from scab, but this increase 
was so slight that as an added treatment Bordeaux would not be 
profitable”. Curtis (4), tested the effects of spraying the leaves on 
the ground in the spring with lime-sulphur at the strength used on 
trees in foliage. Three such applications of spray caused a definite 
reduction in the hicidence of foliage infection, whereas a single treat- 
ment did not. She states that, ' ‘Application of the spray three or 
four days before rain does not necessarily prevent the discharge of 
living ascospores ; maximum effectiveness of the spray is secured only 
when it is applied immediately after mvrd\ Early in the development 
of spraying methods for apple scab control, a dormant application 
of bordeaux was sometimes recommended as a “clean-up” spray; but 
the results did not justify general adoption of tins practice. In 
situations where the scab pathogen overwinters in twig lesions or bud 
scales, dormant applications of lime-sulphur or bordeaux are sometimes 
employed, though fungicides better adapted to the purpose would 
seem deshable. 

During the coiuse of the work reported in the present paper (cf. 
id, 19, BO), Folsom and Ayers (d) found that an application of copper 
sulphate solution, 5-50, after harvest apparently caused no reduction 
in the development of ascocarps of the scab fungus in the following 
spring. Wiesmann (31) states that, in similar small-scale experiments 
in one season, each “1% Helion-Winter, Ciba 1930” and “8% Obst- 
baumkarbolineum Maag” hindered or prevented the formation of 
perithecia, whereas “20% Schwefelkalkbruhe Siegfried” did not. He 
reports further that treating the leaves with “5% Obstbaimikarbo- 
lineiim” as they lay on the ground under the trees in the spring killed 
85.6 percent of the ripe perithecia. 

In the present investigation eradicant chemical treatments have 
been directed against the pathogen at two seemingly vulnerable stages 
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in its life liistnrj. The first of these is the period after harvest but 
before many leaves have fallen. At this time the leaves can still be 
tIioroii?zIi!y V*overed by spray and the trees will tolerate a much more 
drastic 'treatment than is feasible earlier in the growing season. The 
citiier vulnerable stage is after leaf fall but before ascospores are di-s- 
rliargetl. Still inore'dlrastic treatments can^theii be given to the leaves 
on the ground. The work on fall spra^dng is reported first. 

THE EARLIER EXPERIMENTS ON FALL SPRAYING, 1924-31 

Studies of the possible adaptation of a fall application of eradicaiit 
fiiiigicides to apple scab control were started in 1924, and have been 
coiitiiiiied ill each succeeding year. Since the chief purpose of the 
earlier work (1924"3i) was to narrow the problem, it will not be re- 
ported ill detail. A brief account of it follows. 

Brandies or whole trees bearing diseased leaves were spraj^ed after 
harvest and before many leaves had fallen, and representative samples 
of sprayed and iinsprayed leaves were picked, shortly before they would 
have fallen, and overwintered on sod in cloth net bags. In the follow- 
ing spring, by means of microscopic examination, records were made 
on the occiirreiice of perithecia of Venturia inaequalu. 

The calcium, copper, and lead arsenites used prior to 1930 and the 
niagiiesiimi arseuite were prepared in the laboratory. The mono- and 
dicakiiim arsenites and the dicalcimn arsenate used in 1930, which 
were not free from admixtures of homologous calciimi arsenites or 
arsenates, respectively, were obtained from manufacturers. The 
other iiiaterials used were obtained from commerical sources. 

Ei-perlmeuU of 1924 ^ — A great reduction in the number of perithecia 
followed the use of each copper sulphate, 1 percent; sodium nitrate, 
15 percent: neiitrai bordeaiix (using 1 percent CUSO 4 . 5 H 2 O) plus 
scHliimi aresnite, /'u ^^ttd 1 percent, respectively; and certain liighty 
alkaline copper sulphate-potassium hydroxide mixtures. Abundant 
perithecia developed in the imsprayed leaves and those that had been 
sprayed with; each bordeaux mixture, 6 ~ 6 “o 0 ; lime-sulphur, 1 - 10 ; 1 
mixture of bordeaux and lime-sulphur, each at the strength just stated; 
bordeaux, 13 - 6 - 50 , plus a proprietary sodium polysulphide spray at the 
strength recommended for dormant spraying; iieiitral bordeaux (using 
1}2 percent CUSO 4 . 5 H 2 O) plus mercuric* chloride, 1 - 1 , 000 ; bordeaux 
6 - 6 - 50 , plus eertain_ additions of sodium or potassium hydroxide : 
neutral ^bordeaux (using lU percent CUSO 4 . 5 H 2 O) plus a proprietary 
casein-lime spray supplement; and the last mentioned mixture plus 
copper sulphate, tliree-fourths of 1 percent.. Severe host injury re- 
sulted from many of^these sprays, especially copper sulphate aiici the 
preparations containing sodium arsenite. 

Erpen ments of 1925, — Comparatively high effectiveness against the 
fungus was shown b.v each sodium arsenite, one-eighth of 1 percent ; 
paris green, 1 percent; these two materials at the same rates,, used 
together; bordeaux, 4-4-50, plus paris green, 1 percent; neutral bor- 
(leaiix (using I percent C 11 SO 4 . 5 H 2 O) plus calcium arsenite, 1 percent; 
raikliim iU'senite, cne-half of 1 percent; and calcium arsenite, 1 perce.nt, 
piiis socliiim arsenite,^ one-fourth of 1 percent. In many cases no 
perithecia dtnudoped in the treated leaves. They developed fairly 
abuiichindy in the untreated leaves. Most of the treatments were 
stH’ioiisly iiijuiioiis to the host. 
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Experiments in. Several mixtures of calciiiin arsenite, }t> or 1 

percent, and neutral bordeaiix. (usings 1 per<^en.t CiiS(,,)4.5H20) or 
lime, one-lialf of 1 perGent, greatly reduced tlie number of peritliecia 
witbout drastic injury to the host. Similar iriixtiires in which paris 
green replaced the calcium arsenite gave less control and more host 
mjur}^ Sodium and calcium silicofiuoride, respectively, 1 or 2 per- 
cent,* occasioned little reduction in the number of peritliecia. Peri- 
tliecia developed abundantly in the untreated leaves. 

Experirmnts in 19B7. — ^l^arious mixtures of calcium arsenite with 
bordeaux, or with lime plus tricalcium phosphate (the latter added 
because of its possible influence on reaction of the spray residues after 
weathering), were highly effective in preventing the production of 
peritliecia, some of them causing little host injury. Similar mixtures 
with paris green as the arsenite were less effective. Zinc arsenite was 
comparatively ineffective, whether used alone or in mixtures with 
acetic acid or tricalciuni phosphate. Pine oil in conGentrations up to 
10 percent was ineffective. Peritliecia developed abundantly in the 
untreated leaves. 

Experiinents in 1928. — Calcium, zinc, copper, inagnesiiim, and lead 
arsenites, respectively, were ineffective in suppressing the perithecia 
at concentrations tolerated by the host. Bordeaux, 3-2-50, plus 
calcium arsenite, 1 percent, reduced the number of perithecia by 96 
percent. The same reduction was effected by a iiiixture of calcium 
arsenite, 1 percent; lime one-fourtli of 1 percent; tricalciuni phosphate, 
one-fourth of 1 percent ; and a proprietary casein-lime spray supple- 
ment, one-sixteenth of 1 percent. Perithecia developed abimdantly 
ill the untreated leaves. 

Experments in 1929 . — Numerous mixtures of bordeaux, 3-2-50, 
and calcium arsenite completely suppressed the development of peri- 
tliGcia. "S^hen the calcium arsenite component was one-fourth of one- 
half of 1 percent, the number of peritliecia was reduced by from 91 to 
99.8 percent, without severe host injury. Certain mixtures of bordeaux 
and copper arsenite gave very similar results. A casein-lime spray 
supplement did not significantly improve the effectiveness of the 
copper-lime arsenic mixtures, but a summer spray miscible oil showed 
some promise as a supplement. Perithecia developed abundantly 
in the untreated leaves. 

Experiments in 1930 . — A summer spray miscible oil, 1 percent, was 
used as a siipplement to all the materials tested this year. Tri- and 
dicalciiim arsenate, each used alone or mixed with bordeaux, 3-2-50, 
were comparatively ineffective. Lead, zinc, and copper arsenites and 
paris green, each used alone in concentrations of % or 1 percent, gave 
imsatisfactory results. If the perithecia were efficiently suppressed, 
there was too iniicli host injury. In mixtures wuth bordeaux, 3-2-50, 
dicalcium arsenite seemed slightly less eiTective than iiionocalciiim 
arsenite. Such mixtures as copper sulphate, three-fourths of 1 percent, 
lime, one-half of 1 percent, and monocalcium arsenite, one-half of 1 
percent, ^ave good suppression of the perithecia, without severe host 
injury. Similar results were obtained by reducing the monocalcium 
aiyenite to one-fourth of 1 percent, and adding the less soluble zinc or 
tricalcium arsenite, 1 percent. The development of perithecia in the 
untreated leaves was less abundant than usual. 

Discussion .— earlier experiments showed that the commonly 
used protectant fungicides that were tried Trav;e little value for . the; 
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I'liirpose ill vicnr. Various cliemical agents known to be toxic to fungi 
or other plants were then tested. Arsenites were found to be highly 
effective in suppressing the perithecia; but tliey^were obj ectionahly 
iiiiurious to the host and had unsatisfactory physical properties when 
used alone or with the spray supplements tried. _ Mixtures ot certain 
arsenites and bordeaux were the most promising materials tested. 
Thev were found to be highly effective against the fungus, good in 
pliTsieal properties, less injurious to the host than arsenites used alone 
at eifective concentrations, and comparatively cheap. Arsenites of a 
wide range of solubility are available, and it was early apparent that 
the toxic properties of copper siilphate-linie-arsenite mixtures could 
be varied through a wide range by suitable choice of the arsenite and 
modifications in the concentrations and proportions of the ingredients. 

FURTHER EXPERIMENTS ON FALL SPRAYING, 1931-36 

The earlier work having demonstrated that a fall application of a 
suitable spray may be highly effective in preventing the development 
of perithecia of the scab pathogen, attention wms next directed to a 
more intensive study of the comparative values of some of the more 
promising materials. 

Comparison of Fungicidal Materials 

MATERIALS AND METHODS 

Arsenical compounds . — All the arsenical compounds used, which 
were obtained from commercial companies, were finely ground, usually 
being capable of passage through a 300-mesh sieve. Results of analy- 
ses® made according to the methods of the Association of Official 
Agricultural Chemists (1) are shown in table 1, with records of the 
years in wHch the several compounds were used and the symbols by 
which they are designated, for brevity, in the spray formulas . The per- 
cent of moisture is based on the original air-dry samples ; that of each 
water-soluble and total arsenic, on the oven-dry (110° C.) samples. 

Table 1. — M.outure^ waier-soluhle arsenic^ and total arsenic content of arsenical 
compounds used in the experiments of 19S1S6 


Material 


Monoaalciam arsenite. 

D« 

Do.., 


Diealekim arsenite 

Tricalciiim arsenite 

Do 

Do..., 

Zinc arsenite 



Ziae arsenite. builered 

Copper arsenite 

Bo .... 

, 110 . 

' * Bo—— 

Paris peen 

iron arsenite ... 

Do-_ 

Lead arsenite 

Masnesimn arsenite,. 
Dicaieimn arsenate. . . 
Bo 

. Bo................. 

Tricalelum arsenate. . 


Years 

used 

Symbol t 

Mois- 

ture 

Water 

soluble 

arsenic 

AssOa) 

Total 

arsenic 

(AS 2 O 3 ) 



Percent 

Percent 

Percent 

1931 

Cai 




1932 

Cai 

0.4 

24.46 

72. 86 

1933 

Cai- 


21.15 

74.97 

1934-35 

Cai 

.9 

23.11 

74.59 

1931-34 

2 Cai 

4.5 

14.86 

60.61 

1931 

3 Cai 




1932-33 

3 Cai 

1.0 

1.69 

65.06 

1 ^ 

3 Cai... 

7.0 

5.09 

31.45 

1932 

Zai ... 

.1 

.29 

40. 68 

1933-35 

Zai 

.4 

.69 

41. 73 

1935 

B Zai. 

,1 

.06 

29.75 

1931 

Copai 




1933 

Copai 

1.3 

1.04 

38.88 

1934 

Copai 

2.2 

2.02 

40. 59 

1935 

Copai,. 

4.3 

.96 

27. 96 

1931-32 

P G.,.. 

.3 

.15 

57.48 

1933 

lai.. ... 

4. 2 

2.42 

39.22 

1934 

lai 

5.6 

2.99 

41. 60 

1933-34 

Lai, 

.3 

2.93 

42.71 

im-34 

Mai 

, '■ 4:2.' 

42.35 

74.47,; 

mi 

2 Caa 




1932 

2 Caa. 




1933 

2 Caa 

; . 6 .' 

2 12. 83 

2 50. 61 

1931 

^'3 Caa... 





^ ,For the sa l:e o,f breTiiy these symbofe am used m the spray formulas. , 2 Expressed as AssOb. 
« These d€t«rmlii,at,loas were made by C. N. Clayton under the super vision, of Prof. V. W. 'Meloehe. 
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Cop:per sulpjhate. — Technical copper sulphate crystals. 

, Lime— A lump lime containing not less than 99 percent of calcium 
oxide. 

Fish oil.— “Cold“pressed menhaden fish oil. 

Casein-lime, — A commercial spray supplement. 

Summer spray miscible oil, — A commercial product. 

Experimental trees. — -For the applications of 1931-33; trees of either 
Plumb Cider or an unknown variety, about 20 years old, of low to 
moderate vigor and in sod, were used. For the later work, Dudley 
trees in a vigorous young orchard, planted in 1931 and cultivated each 
year, were employed. Summer spraying of these trees was omitted, 
in order that the leaves might be severely scabbed. The work was 
centered mainly on the Plumb Cider and Dudley varieties, because 
the previous experience had shown these to be the most difficult, of 
the varieties tested, on which to suppress perithecial development. 
The experimental conditions for suppression of the fungus were, there- 
fore, much more severe than would ordinarily be encountered in com- 
mercial orchards. 

Mixing the sprays. — The required amount of a 10-percent aqueous 
solution of copper sulphate was placed in a mixing pail containing 
about three-fourths of the total volume of water, and milk of lime 
(containing 10 percent CaO) was added. The arsenical compounds, 
which had been made into a thin paste with water, were then added, 
followed by the spray supplement, if any, and the remainder of the 
water. The mixtures were vigorously agitated immediately after 
each addition of material, and applied promptly. 

Applying the sprays. — The sprays were applied to selected branches 
by means of 6- to 8-liter hand sprayers. Care was taken to cover all 
the leaves as thoroughly as feasible on both sides and to avoid drift 
of sprays to other experimental branches. Nearly all applications 
were made during the first week of October. The treatments were 
made on dry foliage and under conditions that permitted the spray 
to^ dry before rain occurred, as^ slow drying tends to increase host 
injury by copper-lime-arsenic mixtures. 

Overwintering the leaves. — ^In all the experiments reported in tables 
2 and 3, the leaves were overwintered in cloth mesh bags (fig. l? A), 
laid on sod in the orchard and fastened at the corners with large nails 
driven into the soil. Ordinarily from 30 to 50 leaves that showed 
abundant scab infection on the dorsal surface were placed in each 
bag, and in many cases the samples were laid down in duplicate or 
triplicate. The leaves were not allow’-ed to overlap each other, and 
all were exposed with the dorsal surface up. In nature, the peri- 
thecia tend to be borne more abundantly on the dorsal surface. An 
examination of overwintered Dudley leaves imder natural conditions 
in the spring show^ed that about 75 percent lay with the dorsal sur- 
face up. The overvdntered experimental samples "were allowed to 
remain in the field in the spring as long as was possible without imdue 
deterioration of leaves or ascocarps. They were then stored dry in 
the laboratory. In the dry springs of 1934 and 1936, in order to give 
the ascocarps more favorable opportunity for development, all the 
samples were moistened with distiQed water when they Were brought 
from the field, and held in a cool chamber for several days. 

In 1934-35, in order to determine whether substantially different 
results might follow if the treated leaves were overwintered with the 




Apple leaves in 0|)en-mesii cloth bag ready for overwintering; B, leaf and measuring dev 
eoiin ts of peritheem; C, appfo leaf showing perithecia of Venturia inaequalis at the magn 
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ventral surface up, samples from 26 different treatments 
on the sod in duplicate with the dorsal surface up in or 
the ventral in the other. The results of the two series 
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111 1935-36 the development of peritheeia in leaves overwintered 
by the standard method was compared with tliat in sin:ii.lai* leaves 
overwintered in bags laid on the surface of freslil}^ cultivated soil. In 
both the treated and untreated samples, somewhat more peritheeia 
were produced in the leaves that lay on the soil than in those on the 
sod. The spring of 1936 being comparatively dry, the greater mois- 
ture accessible to leaves on the soil was beneficial to the fungus. In 
wet years, however, many leaves thus exposed would disintegrate 
before the ascospores ^vere discharged. 

Counting the peritheeia , — Results were usually taken on 20 to 30 
leaves per sample. Occasionally disintegration necessitated using a 
smaller number. After having been soaked in water for a few iiiiniites, 
the leaf was appressed, weathered suidace up, to a small plate of glass 
and the surplus water absorbed by a wad of cheesecloth. Under the 
dissecting microscope counts wmre made of the visible peritliecia in 
%-inch areas of leaf surface that bore them in greatest number. 
Crossed wires held in a rectangular brass frame that was laid on the 
leaf made it possible to measure the desired areas convenientl}^ 
without duplication (fig. 1, R). Peritheeia at the magnification at 
wliich the counts were made are shown in figure 1, C, Identification 
of the peritheeia was facilitated by pricking out doubtful bodies with 
a dissecting needle, and examining them under higher magnification if 
necessary. A disorganized ascocarp initial in a section of a treated 
leaf is illustrated in figure 1, D. Such bodies are not visible from the 
surface, and are not included in the counts. Figure 1, E, illustrates a 
normal perithecium in a section of an untreated leaf. ^ Most of the 
samples were examined by more than one worker and without knowl- 
edge of the treatment. The results of the counts are expressed as the 
average number of peritheeia per square inch of leaf surface on which 
the counts were made. 

When peritheeia occurred in leaves that had received treatments of 
comparatively high efficiency, they were comiiionly found in localized 
areas small enough to be fully included in the counts. The counted 
peritheeia of the controls, however, ordinarily included only a small 
percentage of the entire number visible on the leaf. Comparisons 
based on the total number for the entire leaf area, therefore, would 
indicate a substantially higher degree of effectiveness for the more 
efficient treatments than is shown by the method used. 

ENVIRONMENTAL CONDITIONS 

The development of peritheeia is greatly influenced by environ" 
mental conditions, especially moisture and temperature {$3), Figure 
2 shows daily rainfall and maximum and minimum temperatures 
recorded by the Madison station of the United States eather Bureau 
from September 19 to May 21, in the years 1931-36. 

Though temperature is a cardinal factor conditioning perithecial 
development, it is not ordinarily a sharply limiting one in Wisconsin. 
Moisture relations, however, are of prime importance in determining 
the quantity of peritheeia produced. Furthermore, they- exert an 
important influence on the effectiveness of the eradicant fungicidal 
treatments. Enough moisture is essential to dissolve the materials 
employed sufficiently for them to exercise their toxic effects. However 
too high rate of loss of the spray residues limits the eft*ectiveness of the 
treatments. , , , 




Figuee 2— Summary of temperature and rainfall records pertinent to the studies of eradicant spray treatments in relation to apple scab 

control, Madison, Wis., 1931-36. 
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In 1931-32, 1933“34j and 1935-36 suppression of the peritliecia by 
eradicaiit sprays was much easier than in 1932-33 and 1934-35. In 
1931-32 the rainfall, though slightly heavier than average, was fairly 
evenly distributed. In 1932-33 rainfall was slightly above normal in 
the fall and nearly?- twice normal in the spring. Eainfall was light in 
1933-34, and hot, diy weather in the spring was unfavorable for the 
fungus. In 1934-35 no rain fell while the treated leaves remained on 
the trees; but over 10 inches fell during October and November and 
ample rains occurred in the spring. There were no heavy rains in 
the fall of 1935, and the following spring w^as comparatively dry, 

EXPERIMENTAL RESULTS 

Data on the comparative effectiveness of the experimental materials 
in suppressing the development of peritliecia of Venturia inaegualis 
appear in table 2. 

Table 2. — Results of fall spraymg experiments for suppression of peritliecia of 
Venturia inaeqiialis, Madison, TTTs., 193I-S6 

j Incidence of perithecia in percent of the number 3 
i found in the untreated leaves of the same varieties 
j in stated years 


Formula ^ 



1931, 

un- 

known 

variety 

1931, 

Plumb 

Cider 

1932, 

Plumb 

Cider 

1933, 

Plumb 

Cider 

1934, 

Dudley 

1935, 

Dudley 

1. Untreated 

100 

100 

100 

100 

100 

100 

2. GS34+Ll^+F01:i 

20 

16 

92 

123 

55 


3. CSi|ij+LH+F014 

4. GSH-L1+F011...__ 



78 


5,2 


5. GSl+Ll’i+FOfl 




106 

67 


5. CSl-fH4-f-FOl4 




88 

49 


7. CSl-h'LH-fFO'R - - 




129 

60 


8. CSl+Lll5-fF01l 




123 

45 


9. CS114+L (neiit.)-fF0i4 



71 




10. CSlH-f-Ll-FFO§l_.,„ 

11. CSlli-fL?s+F03a. 



86 

75 

99 


12. 0831+1,314 mi 



12 


5 


i;l nsai+T/rfi+Ofli 


17 

36 




14. CS»4-fL}ii4Cai%+FO|s 

i 

21 

20 


16 


15. 083,4— T.W-i-nm* l44FOa4, . 


3 

19 

T 


0 

16. CS9l-fLi2+Cai l^+FOjd — 



20 


14 


17. CS?i4L5io+Cai ?-s+FO?s 





" 6 


IS. CS3;4-J-L3iS+Cai MH-F014 - 





S 


19. 0834-}-U3is4-Oai 





11 


20. 08314T.l~40fti W-J-FAI,; 



1 

l~“‘ 



21 083;-j-Td-';+0ni ij-j-FOU 



1 . . 1 


! 10 


22. CS?4-fLi^+Cai ^+FOk 





! 13 


23. 08i.4T.l+0;’ii i'.4F054 .. 



40 ' 

5 



24. nai-fT.i4-Oflir.w4Fn5,4 



25 


! 


25. OSl+T,l+nm 3j+FO'14 ... 



12 


1 ' 3 ■; 

6 

26. OSl+T,l+Onli+Ff>34 



17 




27. nSl-fT,314-Oal U4Fhl,4 



4 


I 

1 

28. CSl-fm.l-l-Cai■'s-^•FOH 



3 


- — — _i 


2£t 08l+Tdi+rfi.i34 + F054 



9 


5 


30. CSl+LU’+Cai U+FOa-i- - 





22.' 


31. GSl+LLo+Cai i-j-i-F0?4 - — 



4 

i 1 

,4 1 


32. O81+T,t.i+Oni ;L + FOa 



26 



0 

33. CSl-fLla-hOai Vi+FOH, : 




2- 

30 ; 


M. 081-^1,1^.— Oni Si+Fni.| 




' ■ 3 



35. CSl+LUi-hCai fi+FOds - 




T 



36. .081+TdJ+0a,i i^+FObi ... . ... . 





24 


37. CSl+Lt4-|-Cai 144- FOIs ____ 




3 

. 26 

1 

38. CSl-f LM+Cai — — 




' 'I 

' 8 



39* OSl+LM+Cai H+FOMiri'IIilZIIIZTIZZT TZZIIIIIlT’”" ’'"""i" 1 3 , ' d 

40. CSl+LFs+Cai H+FOM— _-L L > 4 


1 CS=copper sulphate* L=lime; FO— fish oil; ZO=zinc oxide. For explanation of other symbols see 
table 1. The numbers refer to the percent by weight, assuming the mixture to have the same weight as 
water, with the exception of fish oil, for whidb they refer to percent by volume. In preparing “neutral’* 
bordeaux, milk of lime was added in successive small amounts imtil the supernatant liquid, after agitation, 
no longer gave a positive potassium ferrocyanide test for copper, * T=trace. 

3 The average numbers of perithecia per square inch of untreated leaf surface examined were: 1931, ■un- 
known variety 5S3, Humb Cider 375; 1932, Plumb Cider 575; 1933, Plumb Cider 522; 1934, Dudley 1,188; 
1935, Dudley 505. .SeeUext for account of methods. ■ 
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■' l,‘, I,) xi.rfiyiini i.r ji<n me nis. fnr suppression of perUher.m oj 

1 '. „?■-(/« looupiori, Mo'oso,,, jlw., /ftj;-,*’— Coiitimuid 


Ineidenee uf iHiritfiecia in i>erctviit of tlie niiinljfci' 
found in iiie untreated lea\'es of the same varieties 
: in stated years 


Forniula 

; 1931, 

un- 

'! known 
: variety 

i 1931, 
i Plumb 
i Cider 

1932, 

Piuinb 

Cider 

1933, 

Plumb 

Cider 

__ — ^ — . 

1934, 

Dudley 

1935, 

Dudley 

4L r-l-^Lv,-r J 5 i--ruF 




2 





1 



t:i. .o-Cai -Fs-rFot. - 

■U, 

15. j-rL U-rFOJ^ 

1 *;. rsi!-,.wL-K-i-ral -K-f-FOn, 

I- I.-,' r''o{ 1 




T 





23 


17 

8 

2 




T 

1 



! 







3 



- 

i vit r z a : t i ‘‘>r .a i .i . _l. 'ir r vj . , , ' . , ■ 


17 




‘.fi’ fv j — 1 1 

! 1 

3 

9 


5 


1 ■ r a ,1 r.i 5, -l or i i. j_ v n 1 





17 


f,o'’ 3,i-tFnr4 




15 




1 


22 




1 



s,:*, f'’’ai-4_-Li_U‘)rni 14-FrF'j ' - 


2 




r.-sin-T 1 ’-■,4-FO^^ ■ 




17 


57. CFl+IF i-f2Cai f‘s-4-FO-^ ; : 


11 



€.< 1 + LFi^'iCai j 

r,<ji rs '5 j-flJ '^4-f5rai ^‘•4-FO'U ' 


5 

1 



ftct r-:' >4-1/1 s4-;^rn! sl-j-Ffd . 


6 


14 


jjF i+FO^ 

4 

3 

9 




r! 2 . C.S‘d-fL’ r<. 4 -FOF.. 

(■'a,!iM-rv--4-Sr'd l.-r F<|I i 




7 






13 


'64 ("''s^I^Ll-rSCai 5 '>-fFO*s. ’ - ! 


0 



fti, .rsi-i-j/i-isHai ‘i-i-f FO’^4 ... - - !,- 


4 

1 



r.fi _ . . i 


4 

(i 

12 


f;7. < ' H- IF .! 4-;tCai l + F 0 ' v. . 

fF, (:S'|4.Lt'<-f3Cai 




0 

1 

4 











4 



70. rSi4-Lhi-f:iCai i^s+FOK 






24 


7!. r,Sl4-IF4+3Cai l:V-4-F035i . 




1 

24 


72. ^Sl-^lF■4+^?Cal "ii-fFOSH 




1 


73. «:,Sl4-LM4-3Cai ^fi+FCF 





9 



74. CSl+Lt;t+3Cai 14-FOU- 




T 



75. r.SlW4-L-K-f3CaP:<-FFbL>. 








76. CSF '.d-L^s-fSCiii St+FO'^i ... 




4 



77. CS^i+L':>4-Zf.ii ?l-f FO-' '• 



6 i 



7.*i. rS 2 ^i+L? ■4.Zai l+FO% 



18 ^ 




7tj. CSl+L14-Ziii *’ 4 +FO-\s 




"‘is" 

. 

Kfl. CSl-f-LI+Zai 1+F034 



2 

T 

21 

0 

SI. CSl-fldj-eZai l+FO's 




3 1 


S2. C?l+Lb+Zai 5 j-|-FO‘*‘s 





7,7 ■ 


83. C.<I+Lhi+Zai'^»T-FCM 2 . 




t'"~' 

10 , 


S4. CSl+LFi^Zai l+FOJS— 




3 


8.5. rsl+Li-.+Zai l-fFGi§ 







S 6 . CSl+Lh.-^Zai ^24■F06^ 





1 



h 7. rSI+LU-i-Zal 14 -FOi 




;i. 



SS. rSFi-fL tiieut.)+Zai l+FO* o... . 



3 



Sii. t\Slij4-IF2+ZaMi-fFO'^«_. ■ 





..... .... 


IW. CSlFi+L^j+Zai l+F(>Fi.._. 




O ' 

If) 


id, CS'?l4*Id2+Copal ?d‘-fFOF; / .. 


12 




le rSfi-rL^r.-fropai i^+FOU .... " 





44 

10 

34 

19 

23 

! ■' 42 

r 4.2 

.. 20 
!. 42 


C85.it4-LF-+Copai l-i-FO^'s 

......... 


- 



U. CSl+Lhi+Copai ^5+FCFH ........ ' 






115. (T'Sl-rLbd'Copiii . ...■ 






m, rsl-fLH+Copai I+FOFF--. ■ 




3 

1 

ti7 ri^i+IFr+Copai i^-f-FOH 





rFI+L’s+Cnpai^i+FO-^fe.... 






CSI+LFi-FCopai 14-F0^2 ... ■' 




0 


liW, C^l+Llt;+Copai F 2 +FO?Si .......... . 




■ ■■ 

201. Cei+IFn:4-Copai 1 +FOtL 




0 

6 

9 

lie C,«!H4-L'%+Copai l+FO-5|s 




4.0 

20 

- 34 

40 
37 
54 
•26 
. . 49 
■ 27 .. 

■ 31 

1 

m CSf4+Lti-Hai ^a+FOM 






I'M. CS*'U+L?i-Mai®4'fFO»8 - ■ 






H>5, CSa4+Lli+Iail-fF03i.,.. . ■ 






m. CSl+LU+Isi Vs+'POU .... ■ 






1117. CSl+Lti+Iai fS+FOk , 






m CSI+Li*+Iai l+FOi-l .. ' 




.' . 1 

1 


iim GSl+Lti+Iai FO ?i _.....■ ^ 





ijtl C$l+L!s-Flal l+FOFs .. 




' 1 
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Table 2.- — Results of fall spraying experiments for suppression of perithecia of 
Tenluria inaequalis, Madisoriy TTTs., 1931-36 — Continued 


Formula 

Incidence of perithecia in percent of the 
found in the untreated leaves of the same 
in stated years 

number 

varieties 

1931, 

un- 

known 

variety 

1931, 

Plumb 

Cider 

1932, 

Plumb 

Cider 

1933, 

Plumb 

Cider 

1934, 

Dudley 

1935, 

Dudley 

111 CSl-fL^fi+Jai e;4-F0'lL- 







112. CS 1 +L V,i+Iai 1 +FO U 




42 

42 


n c , s i T'l® "^ 4- lal i + F O-is 




12 

32 


114 i.a+fO^b 



67 




y-' psis i-|-T,i,4-fprT .'5:i4-Fni4 



41 




lie. pc;.'? ;_i-T,5A-4-Prr ia-Pru.4 

T 

2 

30 




117. C?«l-hL fneiit.)-|-PCr V2+F014 



86 




118 Cv^i-fLl^PG 1+F0''5-4 



13 




119 CS11'1-1-L1+PG4.44-FOAs 



63 




120. CS14-L’44-Lai 1-fFOW 




70 



121. OSl+L^.'-j-FLai l-i-FOt2- 




13 

32 


^\c;|+XF.i',-T-Lai 14-FOt-L-. 




36 








22 


124. CS!L;-|-L'’s-fLai 1+FO'^ 




9 



!25 CSl+LLi-fMai Li+FO’Ls... 




6 

11 


Lxv P^^I-i-T.i i-UATni ;{v4-F03>i 




13 



127. PSl-l-TJ,.i4-AI:li U+FO>s i i 



3 



12S. dsl+LU-i-Mai '’fc+FO^,-. - 




1 

S 


129. CS:5.!4-L'1/1+2 Gaa 1-fFO-^'s 

0 

4 

19 




130. OS:i:i-i-L^--f2 Caa 1 H+FO?b 



9 




I 3 P CSl+Ll+2 Caa H-F6=14 



40 




132, CSH-Ll>>+2 Caa 1+FO"*^ 



8 




133, CSl+Lt:j 4-2 Caa l+FOK’ 



13 




134. CSI+L (neut.)+2 Caa l-f-FQi -i 



90 







34 




130. CS^jl+LH’+SCaa l+FOi-^ 


34 





137. CS^i+LlA-fCaiH+Zai lA+FOU...., 





5 

0 

138. CS344-m-l-Cai 14+ZaB4+F01$ 





12 

I 




T 

T 


0 

140. CS:i4+L!:.+Cai lA-i-ZaiJ^+FOsi,.. 





11 




1 / i 



13 


142, CSl+Ll+Cai 144-Zai 





17 

0 

143. CSl+Ll+<^ai i4+-Zai l+FO^^I-— 




T 

6 

T 

144. CSl-i-Ll-i-Cai H+7au Vi+FO-j^ 



1 

i 


0 

145. CSl-i-L-i-^Cai Li+Zai V-^+FO^i 






0 

Mfi. CSl-4-L=4TCai Lt-fZai ......... 






5 

147. CSl-i-L'^i-f-Cai ’i-j-Zai l+FO?4 






1 

UR P;SiFT;3.f4- Foi U-j-Zni l,4 + F034 



2 




149. GSl+L'Ai-FCai ^'^4-Zai 1-|-F094 - 



4 




150. CSl+]L^-+Cai U+Zai f4+F69s--.-- - 





16 


151. CSl-i-m4-Cai ^l+Zai 1 - 24 -FOU 






6 

152. CSl+L’i-pCai li+ZaiM+FO^i 






0 

153. CSl4-L^‘>-|-Cai ^A-fZai 1 +FO''^i 




0 


1 

154. CSl+LL'j+Cai >h-f-Zai l'-+FOVi - 





9 


155. CSl+Lla+Cai iB+Zai t4-i-FOti 



... 


9' 


156. CSlFCLjA-Cui ^-i-fZai 





18 


1.57. CSl+LFj+Cai Li+Zai ^l+FOU.... . .. 




9 



158. CSl+EC?+Cai U+Zai 1+FO-H 




0 



169. CSlFLi3-i-Cai ^s+Zai si+FOAC. 




^ T 



160. CSl+Li:?4-Cai ij-fZai l-n+FOU 




T 



161. CSl-fLFi+Cai 524-Zai »44-F0U 




0 



162. CS1+L;< loH-Cai U+Zai l+FOe^ 




0 



163. CSl+Lh+Cai iR+Zai Ll+FO^ 





33 


164. CSl+LLi-fCai is+Zai U-fFO^.s 





' 20 


165. CS1+'L> i-rCai ^+Zai 34+FOi/> 





18 


166. CSl+LLi-l-Cai L^-f-Zai 1+FOFi 




T 



167. CSl+L!4-rCai U+Zam+FOSk... 





"22 


168. CSl+I.Li-fCai U+Zai u+FOl^ 




1 

. 'S 

2 

169. CSl + LLi+Cai i t-f-Zai 94+FOU 




2 

6 

0 

170. CSl+LLi+Cai ‘lA-Xai 




0 


t) 

171. CS!+L'4-i-Fai :'R+Zai u+FOp>„ 







172. CKSl+LLi-f(\ii ”^+ZaCJi^-FOl■■ 




0 



173. CSl + LI-i+Cai lo+Zai 




1 



174. CSl+Lh+Cai }4-fZai i4+FOV-_ 




T 



175. CSl-hIJ.i+Cai U+Zaii+FOH 




0 



176. CSl+Llt;-4~Cai l-i+Zai H+FOH.. 




0 



177, OSl+LM)+Cai H+Zai I+FOF 2 ,- 




C) 



178. CSlU+Ll-fCai Ki+Zai M+FOM- 






i 
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Table 


of foil !:nramr,q experiments Sor suppression of perithecia of 
Vrmnriaihaegimlis', Madison, IFis., 153/-3e--Contmued 


Formula 

Incidence of perithecia in percent of the 
found in the untreated leaves of the same 
in stated years 

number 

varieties 

1931, j 
un- 1 
known 1 
variety ; 

1931, 

Plumb 

Cider 

1932, 

Plumb 

Cider 

1933, 

Plumb 

Cider 

1934, 

Dudley 

1935, 

Dudley 







0 

IHL CSF'j-fLl-rCui FiTZai IT-FOyL. 

1 

1 

— 


29 

0 

1^2. r?l n-i-Zai li-fFO'A . 




T 

9 



1 



0 




j 





T 

IS-Cf. L>l'TLl-rLni i r U:'4. 

i 

_j 




12 








1 






10 


iftV UL-rnmi U-i-FOU 





17 







24 







14 







11 







9 







13 



1 



0 

12 







2 

5 





0 


3 


— 





1 

iw" d^'i^i+Li'+ral 144- Copai l+FOLi 






1 

200 144-f^npa! 344-F014 






T 

*¥«" r.S’?4-T.i4'!4-rai Vi4-nftmi 14-FOU' 






2 

»f,.) f\sj Jj 4-TJ '4-rqi li-Llai Si-LFOU 








7 


r%i4-TJ L-r u 1^4-rai 3i4-'Fn5 4 





8 


"*111 TnI-J-TI ,11 Itt-i-fai .. L . ! 




16 








29 


Csi^Li^-fCai ’s5-flai H+FOH., — 





19 


j)7 ( c;|4-L^4-rai 5%-fIai i + FOp; 





31 







20 


i-^Cai U-f lal ^+FOLi 





T 

6 


2i()_ C-'^il+Fii+Cai }4-f-Iai ‘il+FOl-l 





15 


211. CM-fL^i+Cai H-f-Iai i-fFO^?6 ----- 




1 

10 


212. C&iJ '-i-L^s-t'Cai ^■i'flai - 





10 


213. Csi-t-Li4-+-Cai H4*Lai M+FOM 





10 


214. i44-Lai 3/l-i-FOU 





10 


215. CS14-I li-FEal ii4-FO^'« 




22 


216. Lii+Cai UTLal i>4-FOi.§ 




0 

12 


217. CSl+Th-^Cai H+Lai 1+F0^2 




1 



21S. C'=l^4+L^j't-Cai Li+2Call+F05^ 

2 

2 





2KI. CS34-{-Li£,-fCai Fi4-3Cai l+FO^s 

T 






m CS-}44-L}.i+Cai ^44-2 Caa 1+F05 b - 

T 






221. CBi-t-Ll+Cai i4+2Caa l+FO?! 



16 




222. C314Ll-hCa! l-42Caa U-fFOSi-— — 



13 




221. CS^I+LK’-i-Cai !4+3Caa l+FO^H-— — 

3 






224. CSa4-fLH'+2 Caa 1+PG 



18 




225. CS14Li.i+2Caal+Zai la+FO?! 



4 




m CSl-fLT‘+2Caa Va+Zai l+FO?4 - 


_i 

2 




227. CSl4Ul-5-2Caa ^i+Zai H+^OH — — 



1 




m CSl+LH+Copai i4+Iai K'+FOFi 





29 


m. CSH-Ll4+Cof»i !2-fIal H+FQH 





16 


%m. CS?i+LT-fCai i.4-fZai Hi-Copm ^4+FOf6- 






T 

231, CSl+Ll+Cai Li-fZal fs+Copai 3a+FO|4- 






T 

2‘SI. CSl+Ll+Cai J4+Zai H+Copai H+FOI4-— 






T 

m CSl+L-?4+Cal ?4+Zai fs+Copai ?^+F05i_. 






T 

m. CSl4-L«4-f-Cai h+Zm H+Copai W+FOfI— 






T 

1^5. CSli-L^a+Cai h+Z&i ?^+Copai M+FOM-- 






' 2 

m. Ct5l-4-LlMH-Cai J^+Zai la+Copai H+F0?4— 






9 

23E CSl-i-L.U'fCal Fi+Zai n+Copai ?i+FOii-. 






3 

2'i8. CSi-rT‘44-Cai H+Zai Ja+Copal ^'sTFO^'fe..., 






0 

23y. CSlIi-rLl+Cai h+Zai ^g+Gopai hi’FOU-, 






T' ■ ' ■ 

2#. CSl+LK’+Cal |4+ZO|2 +Co]^ J6+FO-H-— 







24E CSl-FTT+aCai h-rZni li-fFO|5 




1)' 



242, M+Zai ^4+FOM — 




4 



24^L CSI-fl^H-^-aCai ^/^-fZai HFO^ 







244. CSlL-i-k+aCal ?i-fZai U+VOU 




i 10 



245. CSl+Lfi-rSCai >£+Zti M+FOM ■■■ ■ 




1 4 



214 CSI-fiHTSCai M+Zai 1+FOM 




10 



247. GS2}i+L»K4-aCai?s-|-Za; M+F0fi„ 




! 11 
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Oopperdime mixtures. — The 10 copper-lime formulas used in the 
copper-lime-arsemc mixtures were tested without the arsenical com- 
ponents. The results were very irregular, varying greatly from year 
to year. Occasionally a substantial reduction of perithecia was 
effected. Usually, however, it was less than 50 percent, and in some 
instances the treatments appeared to be wholly ineffective. ^ None 
of these preparations was sufficiently effective to have promise for 
the purposes of this investigation, except for use in mixtures con- 
taining some other toxic component. 

Copper-lime-monocalcium ai^seniU mixtures. — Many of the copper- 
lime-monocalcium arsenite formulas were highly effective in suppress- 
ing perithecial development, but host injuiy was a limiting factor. 
Many modifications in the concentration and proportions of the 
ingredients were tried in the hope of finding a formula that would be 
effective enough and not too injurious. Lowering the amount of 
lime when the amounts of copper sulphate and the arsenite remained 
unchanged increased fungicidal effectiveness and host injury. For- 
mulas 15 and 27 are among the best of this group. The development 
of more promising formulas has recently led to lessening the work on 
copper-lime-monocalcium arsenite mixtures. 

Copper4wie-di~ or tricalcium arsenite mixtures. — These mixtures gave 
results very sunilar to those of the copper-lime-monocalcium arsenite 
preparations. The di- and tricalcium arsenites did not appear to be 
better adapted than monocalcium arsenite for such mixtures. 

Copper4i7ne-zinc arsenite mixtures. — Some copper-lime-zinc arsenite 
mixtures showed considerable promise. The zinc arsenite, however, 
had to be used^ at a concentration of about 1 percent in order to 
attain a promising degree of effectiveness, and even at this strength 
these mixtures did not always satisfactorily suppress the development 
of perithecia. The preparations of this group were distinctly less 
injurious to the host than the corresponding mixtures in which the 
calcium ai'senites were used. Formula 80 gave good results in 3 of the 
4 years in which it was tried. Less attention has recently been given 
to formulas of tliis group, since others have seemed to offer more 
promise. 

Copper4ime-copper arsenite mixtures. — The results from copper- 
linie-copper arsenite mixtures seemed very promising in 1933-34, but 
were disappointing in the following year. Preparations containing 
less than 1 percent of copper arsenite seemed to be of comparatively 
little value. The low-lime mixtures were more efficient than like 
formulas with higher lime components. Formulas 96, 99, and 101 
are among the more promising of this group. These preparations 
were less injurious to the host than the corresponding mixtures in 
which calcium or zinc arsenites were used. 

Copper4ime4ron arsenite mixtures. — The results from the copper- 
lime-iion arsenite mixtures were very similar to those from the corre- 
sponding preparations in which copper arsenite was used, but in 
general showed somewhat less effectiveness against the fungus. 

Oopper4ime-paris-green mixtures. — The copper-lime-paris-green mix- 
tures seemed to be the least promising of the copper-lime-arsenite 
preparations thus far discussed. 

Copper4ime4ead arsenite mixtures.— CoppeiAimeAmd arsenite mix- 
tures were not sufficiently effective to be of promise. 
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^a'seiiite iiiixtiires were similar to tliose from corre- 
preparations in wliicli moiiocalciiiiii arsenite was used. 
ilmv was no evidence that magnesium arsenite is better adapted 
for tlie purposes of the experiments than the calcium arsenite. 

CopiH or tri-calcium arsenate mixtures . — The copper-lime- 

arsenate mixtures substantially reduced peritliecial deyelop- 
riierit with comparatively little host injury, but they did not appear 
to be siitFiciently effective for the purpose. Substitution of the tri- 
for the c!i-calciiini arsenate substantially lessened effectiveness 
against the fungus. 

and zinc arsenite mixtures . — This group, 
ill wiiicli both a highh’ soluble and a slightly soluble arsenite are 
used,, contains some hf the most promising preparations found in this 
study. Form Ilia 139 gave almost perfect suppression of the peri- 
tliecia in each of the 3 years it was used, but host injury occurred to 
an objectionable degree". Formula 144 gave good control of the fun- 
gus in the 2 years it was tried, with less host injury. Formulas 153, 
IhS, 199, and 170 were all highly effective against the fungus, but 
causiid some injury. In a single year’s trial formulas 179 ancl 180 
were Iiiglily eiteetive and caused only very slight host injury. Further 
experiiiients are necessary before conclusions can be reached as to 
tlie relative merits of formulas in this group and whether such mixtures 
can be recomiiieiided for use in orchard practice. 

Copper-Ibne-monocakium arsenite and zinc oxide mixture. — In a 
single trial, formula ISo suppressed the fungus satisfactorily without 
objectionable hostiiijuiy. Further experimentation will be neces- 
sary for evaluating this tj’pe of preparation. 

(. i}i)j)erMrm--WionMakiurn a nd copper arsenite mixtures. — Preparations 
in tills group gave results similar to those from the corresponding 
iiiixtiires in which zinc arsenite was used (formulas 187, 196, and 197), 
but the suppression of perithecia tended to be less and host injury 
was about the same. 

Co}}per4im£-mofmcakhm and other arsenite mixtures. — Iron or lead 
arsenite seemed less promising than zinc or copper arsenite for addh 
tion to copper-IiHie-monocalcium arsenite mixtures. 

Certain miscellaneous mixtures.^ — ^ While certam miscellaneous, mix- 
tures I formulas 219, 220, 226, and 227) caused a substantial reduction 
in. development of perithecia, they seem to be less promising than 
many other formulas. 

Copper-limc’-imnocakiumy zinc^ and copper arsenite mixtures.- — In 
1 year’s tests, certain of these preparations containing three arsenites 
were Mglily effective in suppressing the perithecia, and formulas 232, 
233^, and 234 caused comparatively Ettle injury. However, it-, seems 
unlikely that mixtures in tliis group have as much promise as the cop- 
per-lime-monoealeiimi and zinc arsenite preparations, (e. g., formulas 
143 and 144 ). 

Coppetplijm-di- or tri-calcium and zinc arsenite 'mixtures. — These 
preparations, wliieli \vere tried only in 1933, a year in which suppres- 
sion of the perithecia was^ comparatively easy, seem less promis- 
ing than caffresponding mixtures in which inonocalciiim arsenite 

was iisetL ■ : . ■ 
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Discussion —The comparative effectiveness of the several types of 
formula used has been briefly discussed in the foregoing paragraphs. 
The results presented show that it is possible, even under very severe 
conditions of scab development, to reduce the ascigerous stage of the 
pathogen to a veiy low level in leaves that are thoroughly sprayed in 
the fall with suitable eradicant fungicides, ascospore production hav- 
ing been completely suppressed in many individual experiments. 
These small-scale experiments, however, having been designed 
chiefly for surveying the comparative effectiveness of many formulas 
for suppressing the fungus, leave for further investigation numerous 
questions relating to the possible adaptation of fall spraying as a 
practical measure for apple-scab control. Some of these are considered 
below. 

Variations in Time op Appijcation of Spray 

In 1933-34, 1934-35, and 1935-36 a series of experiments was per- 
formed to gain data on the relation of time of application to the 
effectiveness of the sprays against the fungus and their injurioiisness 
to the host. Beginning in late September, applications were made on 
young Dudley and Northwestern Greening trees (set in the orchard in 
1931) at intervals of about 1 week by means of a wheelbarrow sprayer. 
One or two trees of each variety were given each individual treatment, 
none being sprayed more than once. Samples of leaves were picked 
and placed for overwintering on the following dates: 1933, from first 
and second applications, October 19; from third application, October 
24; 1934, from first and second, October 17; third, October 22; 1935, 
from all applications, leaves picked October 19 and laid on sod October 
25. The usual methods of overwintering the leaves and taking data 
were followed. The results relating to suppi’ession of perithecia appear 
in table 3. 

The variations in time of application employed in these experiments 
showed no striking or consistent influence on either the effectiveness 
of the sprays in suppressing the development of perithecia or their 
injurioiisness to the host. In 1933-34 the perithecia were so effec- 
tively^ suppressed by all applicatioiis that no substantial differences in 
effectiveness in relation to the time of application could be observed. 
There was little injury from any of the treatments. In 1934-35 
suppression of the perithecia was unsatisfactory. With the aim of 
lesseiiing the danger of host injury, the formulas were weakened in a 
season that proved to be iinusually favorable for fungus development. 
Under the conditions encountered, the latest date of application was 
the most effective and the intermediate date the least effective. 
It seems more probable that these differences are due chiefly to rela- 
tions of time of application to rain periods than that they are attribu- 
table to the stage of development of host or parasite. There was 
little injury from any of the treatments. In 1935-36 the latest appli- 
cation appeared to be slightly more effective than the others. Winter 
injury in this season was so severe that it interfered with interpretation 
of results of spray in juiy No consistent relation between time of 
application and Iiost injury was noted.. 

While these data are too limited to be conclusive, they suggest the 
desirabilitv of delaving the applications as long as feasible without too 
.m,uch leaf fall. : , , 

1.98S;? — 37—- ,2 ■■ 
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—Ejfeciti of mriaiions in the lime of application of fall sprays on iheirjffi- 
n ,’^npia'fsfinp periihecia of Veniuria inaequahs, Madison If is*., 193P>—3b 


Incddence of peritliecia in leaves sprayed at stated dates 
in percent 2 of the numbers found in the untreated 
leaves 


Year and foroiula - 


Dudley 


N ortli western Greenin g 


Sept. 21 

Sept. 29 

Oct. 13 

Sept. 21 

Sept. 29 

Oct. 1.3 

1933-34 

1. Untreaied 

100 

100 

100 

100 

100 

100 

3 7 . f : S 1 -t- L D -r C a i D -f F 0 M 

1 

0 

0 

1 

0 

0 

10 

3h. C < 1 fj 4 -Clip s-r F 03 8 — 

1 

0 

1 


.3 

46. C 0 _ -b L- K+ F 0 bj 

1 

1 

0 

0 

0 

1 

168. rsi-rld j-f CaiJ 

0 

0 

0 

0 

1 

1 

s-L;^arb-fFOb2 

0 

0 

0 

0 

0 

2 

170. rSl+LM+Cai^ i-rZail-4-FO'’li 

0 

0 

0 

0 

0 

0 

172. rS14~ld i+Caj'K-fZai-'^.j+FOli 

3 

0 

0 

0 

0 

0 

183. €50 urt L'-* srt Call lA-Zai') id-F ObH 

2 

0 

0 

0 

0 

0 


Sept. 24 

Oct. 8 

Oct. 22 

Sept. 24 

Oct. s 

Oct. 22 

1934-35 

1. rntrc*itc«.L,.. 

' ■ 

100 

1 100 

100 

100 

100 

100 

95. rsi-J-IO 4-fC<ipai'04*FOO? 

11 

23 

13 

19 

99 

17 

107, (YSIri-L V'i'blai'biT'FOls 

16 

45 

3 

11 

! 47 

1 12 

,15. CSb,i4"Lb3'4“ Gailgd” F 0"|s- 

11 

28 

7 

10 

93 

i 15 

19 L r 8 1 -4- L D + CaD s4- Copai 1 2 +F 

24 

51 

1 2 

30 

43 

4 

205, S 1 -f-L 1,4 T Cail'S-f-rai i-'j-HF 0?'^ 

15 

27 

‘ ,12 

6 

58 

17 

164. C514" L ^ 4 Cailfe+Zal Vi’+F 05i 

12 

42 

11 

30 

i 39 

22 


Sept. 

Oct. 5 

Oct. 10 

Sept. 23 

Oct. 5 

Oct. 10 

1935-36 ■ 

1. !J,ntreate(!,. 

100 

100 

100 

100 

100 

100 

25 f ^ S 1 4- L 1 T- C ai b 4- F 0'“^ 4 

12 

14 

0 

1 

1 

1 

ICi. rir51~hLl+CaiGi-ZaiI+FOf4-,— 

2 

2 

1 

1 

2 

1 

Silt (. r S 1 4- L i ,i 4- CaU 4 4-Zai ! 2 -f Copai ?!■ +F O*? s. . 

i) 

3 

0 

1 ; 

0 

T 

197. C S 1 4* L |'4 + Cat I 4 4- Copa.i i -H F 0? i — , — 

4 

5 

T 

25 

T 

2 


1 For explanation of symbols used see fcwtnote U table 2. 

2T=Tr«e. 

s The average iiumbtTs of peritheeia per square inch of untreated leaf surface examined were: 1933, Dudley 
KM, Northwestern Greening 370: 1034, Dudley 493, Northwestern Greening 214; 1935, Dudley 506, North- 

ivestern Greening 364. 

Speay Injury Tests Under Orchard Conditions 

Extensive data on spray injury were taken in connection with the 
sniall-scale experiments on suppression of perithecia. However, the 
conditions of most of these experiments were so unsatisfactory for 
injury stupes that the results relating thereto will not be given in 
detail. XYiiile more extensNe studies on injury must await further 
narrowing of the problem, some experiments have been initiated, as 
reported below. 

Thirteen different copper-lime-arsenic formulas (nos. 15, 24, 39, 80, 
95, 107, 143, 164, 169, 170, 191, 197, and 205 of table 2) were applied 
during the first half of October by power sprayers to orchard trees of 
eight apple varieties (Wealthy, McIntosh, McMahon, Northwestern 
Greening, Fameuse, Lowland Raspberry, Dudley, and Yellow Trans- 
parent) in 40 treatments at Stui^eon Bay, Gays Mills, or Madison 
during the period from 1932—33 to 1935-36, inclusive. One or several 
trees were used per treatment. Examination was made for leaf injury 
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about 1 or 2 weeks after the sprays w^ere applied and for bud injury 
the following spring. No drastic leaf injury was observed, except in 
one case when showery weather prevented prompt drying of the 
sprays. Observation of the sprayed and unsprayed trees in the spring 
revealed no evidence of significant spray injury to the buds. Counts 
relating to bud injury were made oiily on Wealthy at Madison. 
These revealed no significant difference between the sprayed and 
misprayed trees, except possibly for formula 39 in 1935-36. In this 
case the untreated trees showed 2 percent and the sprayed 10 percent 
of dead terminal buds. Winter injury affected both sprayed and 
imsprayed trees this year. 

These results, though encouraging, are not interpreted as establish- 
ing the safety of these formulas for general use as fall sprays for apples. 

Effects of Eradicavt Spraying on the Epidemiology of Scab 

^ The work thus far reported seems to indicate substantial possi- 
bilities for the development of a fall spray treatment capable of 
reducing the ascosporic inoculum to the neighborhood of 1 percent, 
or less, of that froin similar untreated leaves. The effects of such 
reductiops on the epidemiology and control of the disease remain to 
be considered. Only a small beginning has been made in experi- 
mentation in this important field. Studies of the effects of certain 
fall spray treatments on the development of the disease in the follow- 
year were begun at Madison in 1934. A brief report of the 
progress of this work follows: 

Orchard no. 1 of figure 3, set in 1930, received the fall sprays. 
Orchard iio.^ 2, set in 1931, was untreated. Both orchards were 
vigorous. Neither received summer spravs. Cultivation of both 
was postponed until ascospore discharge was over. 


EXPERIMENT OF 1934-35 

On October 9, 1934, all of orchard no. 1 was sprayed by means of 
a power machine, formulas 191, 164, and 205 of table 2 being used on 
dmerent subplots. 

The^ enyironment in fall, winter, and spring was favorable for 
overwintering of the fungus. Examinations in the spring show^ed 
that the sprayed orchard was very nearly free from peiithecia of 
the scab fungus, whereas a fair amount of ascosporic inoculum had 
developed in the unsprayed. Ascospores were mature by the time 
buds opened, and several days of rain and low^ temperature 
aiiorded favorable conditions for early infection (fig. 4). Scab 
lesions were first observed on May 29, when a wmve of disease began 
to appear. Rains in June and July permitted further infection 
penods, and the season was generally favorable for scab development. 

Comparative data on scab development in the two orchards appear 
in tables 4 and 5. The results shown in table 4 indicate that through 
the mon til of June reduction of scab infection in the sprayed orchard 
was not less than 90 pencent. The sprayed. Wealthy block showed 
92 percent scab-free fruit on June 24, as compared with 48 percent 
from the iinsprayed (table 5). At harvest 89 percent of the fruit 
hom^ the sprayed block was free of scab, while the uiispraved block 
had nisuriicieiit fruit for coimts at that time. 
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STAGES OF 
DEVELOPMENT 



APRIL MAY JUNE JULY 

Figure 4,— Summary of certain records relating to the development of apple scab on Wealthy, Aladison, Wis,. 1935. 
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Tmil'E 4 cels tif fall i^prayhig mlh eradkant fungicides onjhe devekijnimu of 
ciliple sC(dj in Ihe Jalloiving scaseai, ..Madison-, U IfloMoa and IDdo—Sb 




Orchard no. 1, 
sprayed i 

Orehartl no. 2, 
unsprayed 

Decrease 
in dis- 
ease in 

Year, variety, and date 

, Counts made on— 

Total 

units 

exam- 

ined 

Average 
lesions 
per unit 

Total 

units 

exam- 

ined 

Average 
lesions 
per unit 

orchard 1 
as com- 
pared 
with or- 
chard 2 

11134-35 


Kumher 

Numher 

Number 

Number 

Percent 

MaVai . 

Fruit spurs (leaf lesions .5 

500 

0. 078 

250 

i.m 

96 


Fruit---. 

270 

.42 

113 

4. 50 

91 

June 29...., 

Leaves of terminal shoots 

2S3 

.52 

274 


89 

North western Greening, ^ 

do - ' 

293 


282 

18. 0 

96 

June 2d* 

1935-36 


1 





Jiipe 9 - i 

do 

2, 575 

.007 

1,839 

1 .648 : 

99 

Xorf hi?* extern Greening, i 

v..-.do 

L 219 

. 047 

I 1, 230 

.832 

94 

June 4. 




2, 387 

3. 67 


v Ji'inA fi i 

1 do - 

3, 042 

.48 

87 

N oTt ti we !' e r.o G res n i ri g , 

! ‘ <io . - - . - 

1,450 

.71 

1,464 ; 

4,88 

85 

^ July 9. 

1 




Wealthy; 




200 

.57 


Jiilv 10-.., 

i Fruit - 

200 

.075 

87 

,-4ept. 2-- 

! do 

i 1, 334 

1. 93 

718 

7.79 

75 


3 Orcl'iard no. 1 sprayed in 3 subplots on Oct. 9, 1934, with formulas nos. 164, 191, and 205 of table 2; on Oet. 
9, 1935, with formulas iios. 39, 143, and 1.52 (modified to contain zinc arsenite at H of 1 percent) . No summer 

si'jray was a'pplieti to either orchard. 


Table 5. — Effects of fall spraying with eradlcant f on the development of 

apjde scab in the folio wing season, Madison, ]TT.s\, 19SJf~35 and 1935-36 


Year, variety, and date 

Counts made on— 

Orchard no. 1, 
sprayed ^ 

Orchard no. 2, 
unsprayeti 

Total 

units 

e.xam- 

ined 

Units 
free of 
scab 

Total 

units 

exam- 

ined 

Units 
free of 
scab 

■ 1934-35 






Wealthy: 


Number 

Perceni 

Number 

Percent 

Juii© 24 

Fruit - 

270 

92 

113 

48 

Jane 29 

Terminal shoots (leaf lesions)— 

20 

45 

20 

0 

Ncrtthwesleni Greening, June 20 

do - - 

20 

50 

20 

0 

Wealthy, Sept. 4 

Fruit 

320 

89 

(') 

1935-36 

i 




.Wealthy, June 2 

i 

1 Terminal shoots (leaf lesions) _ _ 

■' 207 ! 

95 

156 

! ' ■' 3 

Northwestern Greening, June 4 

dO- - ' 

100 i 

66 

100 

1 

Wealthy : 

Jua.f S : - 

Fruit - 

100 

100 ! 

100 

97 

July 6 - 

Terminal shoots (leaf lasions}- _ 

207 

■17 

156 

0 

NorthwesTern Greening, July § 

do - — . _ 

100 

11 

100 

0 

Wealthy: 


July 10 

Fruit - . ■■ ■ - 

200 

97 

200 

"*> 

8ept.2 

i - 

1, 334 

. '45 ; 

718 ' 

1 


i ' 


f Orchard no. 1 sprayed m 3 subplots on Oet. 9. 1934, with formulas nos. 164, 191, and 205 of table 2; on 
Oct, 9, 193.5, with formulas nm, 39, 143, and 152 -.(laodified' to contain zinc arsenite at H of 1 percent. No 

siiimner spray was applied to either orchard. ■ ' , . 

i No fruit available for counts. 

Experiments OP 1935-36 

On October 9 all of orchard no. 1 was sprayed, formulas 39, 143, 
and 152 (modified to contain zinc arsenite, one-half of 1 percent) of 
table 2 being used on different subplots. Orchard no. 2 was un- 
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sprayed, except tlie Yellow Transparent block, whicb was given tbe 
same treatments as orchard no. 1 in order to iricrease the distance 
betweeii that orchard and the source of ascosporic inoculum in the 
iinsprayed orchard. 

Conditions were generally favorable for production of perithecia 
of the fungus, al though dry weather in the spring somewhat delayed 
ascospore discharge. Counts made by the usual method showed that 
ill the plots treated, respectively, with formulas 39, 143, and 152, 
Wealthy leaves averaged 3, 4, and 9 perithecia per square inch of 
leaf surface examined. In the unsprayed orchard the leaves averaged 
255 perithecia per square inch of leaf surface examined for Wealthy, 
364 for Northwestern Greening. It appears, therefore, that produc- 
tion of perithecia in the sprayed orchard was reduced by approximately 
98 percent. 

Ascospores were ready for discharge by May 3. The first infection 
period occurred May 9-hl (fig. 5), and scab lesions were first observed 
Alay 29. The rains of late May and June permitted moderate infec- 
tion. The development of the disease was sharply checked by hot, 
dry weatlier in July. Frequent periods of rain in August favored 
infection. 

Beginning June 6, the seasonal development of the disease was 
followed on 20 tagged terminal shoots on as many trees in each 
orchard. The results are shown in figure 5. 

Further comparative data on scab development in the sprayed and 
unsprayed orchards appear in tables 4 and 5. The results shown in 
table 4 indicate that through June and early July reduction of scab in 
the sprayed orchard was not less than 85 percent. Wealthy fruit of 
the sprayed orchard at harvest time showed a reduction of 75 percent. 
On June 2, 95 percent of the Wealthy terminal shoots in the sprayed 
orchard were free from scab lesions, against 3 percent in the unsprayed 
(table 5). On July 6, 17 percent were scab-free in the sprayed 
orchard, none in the unsprayed. On June 8 all the Wealthy fruit in 
the sprayed orchard was scab-free, against 97 percent in the un- 
sprayed. At harvest 45 percent of the fruit of the sprayed orchard 
remained free from scab, against 1 percent in the unsprayed. 

Wlieii this experiment was planned it was realized that the available 
orchards were too near together to preclude the probability of passage 
of a substantial ascosporic inoculum from the unsprayed to the 
sprayed. In view of this fact, the difterences in scab development 
are the more striking. 

Ill order to gain evidence concerning the possible influence of 
inoculum froiii the unsprayed orchard on disease development in the 
sprayed, the incidence of scab in the latter orchard wms studied in 
relation to distance from the former (fig. 6). On July 6 data were 
taken on 50 Wealthy terminal shoots in each of the distance classes 
shown in figure 6. The results show that the incidence of infection 
diminished substantially with increased distance, an average of 12 
lesions per terminal shoot occurring in the least distant class and 3 in 
the most distant. Conversely, the percent of terminal shoots free of 
scab increased with distance from 6 in the least distant class to 34 in 
the most distant. 

Exact data on tbe distance to wiiich ascospores of Ventuiia inae- 
guahs may be carried in the air and the relations of distance from the 
source of the ascosporic inoculum to its concentration and to the 




Figure 5.— Summary of certain records relating to the development of apple scab on Wealthy, Madison, Wis., llKKi. 
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Figuee 6.-~Iiicide^ee of apple scab in the orchard (no. 1 of fig. 3) that received a fall treatment in relation 
to oistaiice ^ unsprayed orchard (no, 2), which contained an abundant aseosporic inoculizm, Mad- 
ison, \v IS,, lyoo. 


incidence of infection caused by it are meager. Undoubtedly the 
spores niay be carried for great distances in the air ( 23 ). However, 
the limited evidence from the experiment that has just been reported, 
together with theoretical considerations and orchard observations, 
suggests that the concentration of this air-borne inoculum and the 
incidence of disease that it may cause diminish rapidly with the 
distance it is carried. 

DISCUSSION 

Ik the consideration of the results of the foregoing experiinent, 
attention is invited to the fact that these fall treatments were not 
designed or expected to obviate the necessity of summer spraying. 
The summer sprays were omitted in order that effects of fall spraying 
might be studied more advantageously. 

It should be observed that the seasonal conditions encountered in 
the course of this experiment did not favor heavy infection during the 
critical preblossom and blossom periods. Mucii more work under a 
wide range of conditions will be necessary to arrive at an adequate 
line! erst anding of the relations of the quantitative level of the ascos- 
poric mocuhim to t^^^^ epidemiology and control of the disease. The 
liniited experimental data thus far obtained are in full accord with the 
eyidence of earlier studies ( 16 ) in indicating that these relations are 
highly significant. 
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Sc‘asf)iia! at Gays Mills,-' Wh., in IlK-M: arid llKjo afloitled 

ail o|)|)ortiiiiity for certain ohsein'ii lions on tlie relatioiis oi: a. greatly 
reduced ascusporic irioculuiu to tiie seas 4 :nial deveiopiiieiit and control 
of scab. Tlie extreme coiiditions of beat and droiiglit- in 1934, in coii'" 
jiiiiction wit'll effi.cieiit summer spraying, so reduced the iiicideiice of 
scab that peritliecia^ of the patliogeii were isard to tiiid in certain large 
blocks of trees in the spring of 1935. Tlie Jiingiis, however, over- 
'wintered at a soriiewliat higher survival level in some situations where 
the spraviiig had been less thorough or the local environment more 
favorab'le, as in ceftaiii ravines. In 1935 conditions of moisture and 
teiiiperatiire were veiy favorable for scab development, until late in 
the season. 'With a normal ascosporic inociilum a very severe and 
difficiiitly controllable epidemic of scab would liave been expected. 
Actually, the disease development was moderate, and control was com- 
paratively easy, especially in certain blocks where the ascosporic iiioc- 
iiluiii was knowii to have been very sparse. In one Dudley block in 
which, the fungus was reduced to a ve.ry low survival level, only 49 
pe,rcent of the iinsprayed fruit showed scab at harvest; in a block of 
tlie same variety in wliicli scab had been somewhat more prevalent 
tlie year beforey98 percent was sca..bbed. Unspra^md McTntosli in an 
orc'liard in wliieh tlie fungus had overwintered a,t a very low survival 
level had only 88 percent of the fruit scabbed and 30 percent rendered 
imniarketable because of the disease. In this orchard a lime-sulphur 
program that began with the open-cluster spray reduced ^t,he percent- 
' age of scabby fruit to 2,umd a like program beginning with the calyx 
application reduced it to 17, of which three-fourths could go into the 
U. S. No. 1 grade. This experience accords well with other data and 
with, theoretical coiisideratio.ns .in suggesting that a sufficient reduction 
in the ascosporic inoculum' may be a potent factor in delaj^ing and, 
dimi.Eishing scab development and lessening tlie difficulty of its control 
'by protectant sprays. . 

'C,H.EMiCAL Treatment of Leaves on the Ground ■ 

In situations .in whi,ch overwinte.rmg of inaegualis depends 

wholly or dominantly on production of ' the ascige.rous stage, the 
period after leaf fall and before ascospore discharge is, obvionsly, 
a potentially vulnerable one. The fu.ngus is then prostrate on the floor 
of the orchard. If it were as conspicuously \isible as Canada thistle 
(Clrsbim- amnse (L.) Scop.), for example, would we continue to permit 
tliis dangerous and e,xpensive pest to breed year after year in,. our 
orchards, essentially unmolested? Consider a.hle progress lias been 
made in the developnieiit of eradicant chemical treatments for use 
against weeds. Possibilities of adapting similar methods of chemical 
erailication to the control of apple scab and some other fungus diseases 
seem to deserve consideration. 

Experiments with liquid applications of cert.am, fertilize,rs. that are 
known to have toxic properties and with certain wmed , killers , li.ave 
been initiated. In preliminary experiments ' in the spring of 1936, 
satoration of apple leaves as they day on the gro.imd' by ',, spraying 
with ammonium sulphate dissolved in water at the rate of 1 pound to 
the ^ gallon killed the aseospores that were mature and prevented the 
maturation of others. Further results- from this line of work irre not 
yet available. 

« Dr. J. A. PiHi-lcani m this part of tlie teTestiiatlon. 
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Present Status, of the Work on Apple Scab 

Tliese studies on apple scab may be considered first in relation to 
the control of this disease, and second with reference to the broader 
question of the potentialities of eradicant fungicides for increased 
use against other plant diseases. The first of these aspects of the 
work Is discussed in the following paragraphs, the second in a later 
section of this paper. 

The problem relating directly to apple scab control has three major 
phases: (1) The development of means for sharply limiting the 
ascosporic inoculum; (2) studies of the effects of such limitation of 
the inoculum on the epidemiology and control of the disease; and (3) 
large-scale experiments to determine whether the procedures developed 
can be adapted to comprise a part of an improved program of scab 
control. Attention has thus far been devoted to the first and second 
phases. The results seem to have demonstrated that, under condi- 
tions such as wore encountered in these experiments, (1) suitable 
applications of eradicant fungicides ai’e capable of drastically reducing 
the ascosporic inoculum, and (2) such reduction greatly retards and 
ameliorates the development of the disease, especially in the critical 
period of primary and early secondary infection. 

It is recognized that many obstacles must be overcome if fall 
spraying is to find a place in the apple scab control program. The 
most important appears to be the problem of host injury. Many 
of the formulas employed appear to be on the threshold of satisfactory 
fungicidal effieiency, without too much injury to the host. However, 
extensive tests, with due consideration to the effects of different 
environments and to varietal responses, will be necessary to establish 
the safety of such materials for use in orchard practice. 

Other obstacles, such as early leaf fall under some conditions, 
difficulty of thorough coverage of the foliage of large trees, the 
inconvenience of spraying after harvest, etc., must also be considered. 
These difficulties vary much in importance with conditions in clifferent 
regions. They do not seem to be insurmountable under ordinary 
Wisconsin conditions. It is scarcely to be expected that any control 
program will be adapted to all regions in which scab occurs. 

Such eradicant chemical procedures as are here discussed can be 
established as a part of a sound program for apple scab control only 
if and when they justify themselves on the basis of extensive trial 
under orchard conditions. Much work remains to be done in develop- 
ing methods and studying their effects before large-scale tests are 
warranted. Unless or until these methods stand the test of such trials, 
growers are advised to refrain from trying them. 

The studies on apple scab are being continued. 

EXPLORATORY STUDIES ON OTHER DISEASES 

Though this investigation has been centered about apple scab, as 
an important disease that afforded opportunity and material for the 
woik, its larger purpose has been to inquire into possibilities for wider 
application of the principle of eradication to plant disease control 
thmugh the use of chemical agents. After it became evident that 
suitable applications of copper-lime-arsenic mixtures were capable 
of preventing the development of ascocarps of Verdwia '^imieguaMsj 
certain exploratory experiments /were initiated to gain evidence 
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coiiceriiiiig tlieir potentialities for limiting ^ the development^ or tiie 
dispersal of an effective primary inoculum of certain other pathogenic 
fungi. A brief I'eport of this work, which was iiecessai'ily limited in 
extent, follows. It seems unnecessary to burden this ^paper witli^a 
review, for each of the diseases dealt with, of the previous efforts in 
this direction, in which other materials, chiefly those adapted primarily 
for summer spraying, were employed. 

BROWN ROT OF PLUM 

On April 29, 1933, fonnulas CSlU+Lh+Cai? 4 +FO% and CSlK-f- 
L%4-Cail+FO?i (for explanation of symbols, see footnote 1,^ table 2) 
were applied to branches of Prunus domestica L. bearing per- 
sistent mummified fruits that had been attacked by the brown rot 
fungus, Sderotinia fr-ucUcola (Wint.) Rehm, in the preceding year. 
The blossom buds had expanded but not separated in the clusters. 
Sprayed and imsprayed mummies, collected on May 5, were examined 
by a^ standardized procedure for occurrence of conidia.^ None were 
found on the sprayed mummies, whereas they occurred in abundance 
on the imsprayed. In a similar experiment in the following year 
formulas 10 and 12 of table 6 gave like results. No spray injury was 
observed to follow these treatments. 


APPLE BLOTCH ’ 


In 1934 and 1935 individual branches of three large Northwestern 
Greening apple trees bearing abundant twig lesions caused by the 
blotch fimgiis, Pkyllosticta solitaria E, and E., were treated at Urbana, 
III, by means of hand sprayers. 

In i934 the trees were at the green- tip stage when the sprays were 
applied. Light showers occurred the night after the applications, 
followed by dry weather for several weeks. On Jime 2 and 14 twigs 
were collected at random from the treated and untreated branches 
and sent to Aladisoii, where they were held for 5 days in a moist 
chamber at 20° C. to give the pycnidia further opportunity to mature. 
The percentage of lesions that bore any sporulating pycnidia was then 
determined by microscopic examination. Results from old lesions 
and those from new lesions and advancing margins of old ones 'were 
taken separately, the cimrent year’s advancing margins of an old lesion 
being counted as a new lesion. 

In 1935 the experinient^ was repeated, with modifications. There 
were t’wo dates of application, and the t’wigs were collected for exami- 
nation on May 2. 

A summary of the treatments and results for both years’ experi- 

iiients appears in table 6. 

In 19M the sprays were applied too late for maximal effectiveness. 
Nevertheless, formulas 1 and 2 seemed to prevent sporulation on 
about three-fourths of the old lesions (fig. 7, A, B). There was com- 
paratively little reduction of sporulation on new lesions.; Lime- 
sulphur and bordeaux treatments .were comparatively ineffective. 
Fomiiiia 1 caused perceptible host, injury; the others did not. 


' writt^rs are indebted to Dr. H. . Anderson of the IlHnois Agrieiilttiral Experiment Station for bis 
firipfiil m tLw part of the work and fm permission to report the results, and to Fred Heaton of 

New Burnside, III., for mating his orchard and spraying faeilities available for the work of m&. 
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Table 6 . — The effeciimness of certain spray treatments in suppressing spornlaiion 
of Phi/Uosticta soUtaria in twig lesions of Northwestern Greening apple y Urbana, 
Illy 19S4 and 1935 


Date of 
application 

Formula ^ 

Total 

twigs 

ob- 

served 

Old 2 lesions 

New 2 lesions 

Total 

Bearing sporu- 
lating pycnidia 

Total 

Bearing sporu- 
lating pycnidia 



Xumber 

Number 

Number 

Percent 

Number 

Number 

Percent 

1934 

0. Untreated .... .. 

10 

15 

15 

100 

16 

16 

100 

Apr. U 

1. CS lU.+D'’ti+Gai l+FO^k... 

11 

19 

5 

26 

15 

13 

87 

Do 

2. CSIU>^Li^s+Cai34+Zai?4+ 

9 

17 

4 

24 

17 

15 

88 


FOSi. 








Do., - 

3. CS U ;;+L-Li-4-Cai;54+ZaiLi+ 

10 

11 

4 

36 

25 

20 

80 


F07s. 








Do 

4. C S i -f L D + Cai H+Zsd U 2 + 

5 

10 

9 

90 

10 

10 

100 










Do 

5. CSl-fLLi+Cai t.+Zai k>+ I 

i 7 

14 

10 

72 

24 

24 

100 


FOVl-. 

i 







Do 

6. CSl-fLL:-f-Zai 1 + F04‘> ' 

i 9 

22 

15 

68 

13 

13 

100 

Do 

7. csik’-fms-fFObi : 

1 10 

19 

14 

74 

19 

19 

100 

Do 

1 8. Lime-sulphur 1-7 

1 ® 

22 

21 

96 

13 

13 

100 

1935 

j 9. Untreated __! 

I 12 

49 

49 

100 

17 

12 

71 

Feb. 

1 10. CSlV2+L''k-fCaU|-fZaif4-i- ! 

G 

42 

0 

0 





FOk. ■ ! 





1 



Apr. 8- 

do 1 

15 

45 

12 

27 

12 1 

4 

33 

Feb. 14...„. 

11. CSUii-i-L-k-f-Cai ?4-fCopai 1 


68 

2 

“3 

3 1 

0 

0 


fi-f-rok. ' 








Apr. 8- 

i do J 

7 

30 

5 

17 

2 1 

1 

50 

Feb. 14...... 

i 12. CSlk+L34+Cai34+Za];L+ i 

4 

31 

4 

13 

4 

0 

0 


1 FO 34 . ! 





j 



Apr. S-.... 

L. do _..J 

j { 

10 

30 

26 

S7 

4 i 

0 

0 


1 For explanation of symbols, see footnote 1, table 2, 
- See text. 


In 1935 the treatments applied February 14 were decidedly more 
effective than those of April 8. No sporulating pycnidia were found 
on old lesions that received the early application of treatment 10, 
and treatments 11 and 12 were nearly as effective, with the same timing. 

Under the conditions of the experiment, few new lesions developed 
on the experimental branches. The data on these are too meager to 
offer more than a suggestion that there was some measure of limitation 
of sporulation on young lesions, especially by the earlier treatments. 

In 1936 an experiment in which the sprays w^ere applied by a power 
macMne was performed at Flew Burnside, 111. Applications w^ere 
made March 4 on 10- to 15-year-old Duchess trees that bore abundant 
blotch lesions, especially on the fruit spurs. Each program of treat- 
ments was used on two or more trees. The experiment vras planned 
primarily to gain evidence on the effects of the several programs on 
the incidence of blotch on fruit, but, owing to cold injury, practically 
no fruit \vas set. Furthermore, on account of the very dry season, 
there was no significant amount of new' infection, even on unsprayed 
trees. Samples of twugs collected May 27 were examined microscopi- 
calty on May 28 with reference to the percentage of pycnidia that 
bore spores. The results appear in table 7. 

The examinations show’^ed that 42 and 65 percent, respectively, 
of the pycnidia in the old lesions from the two plots (1, 2) that 
received no dormant spray contained spores; none in the old lesions 
of plots (3"8) that received the dormant treatment. 

AVliere the dormant treatment was omitted (plots 1, 2), 100 percent 
of the pycnidia in the new lesions bore spores. In three of the four 
samples (plots 3, 5, 7, 8) that received both the dormant spray and 
the summer applications of bordeaux, only about half of the pycnidia 
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in the new lesions sporulated. In the samples that received the 
dormant treatment without the summer applications of bordeaux 
(plots 4, 6) the percentage of sporulating pvcnidia was slightly higher. 

Table 7. — The fpcihrness of certain spray treatments in suppressing sporulaiiori 
qf Phylhsficfi! sitlifaria in twig lesions of Duchess apple, New Burnside, III, 1936 


Plot 

110 . 


1 


4 

5 


8 


! Foniiiilas J app'lied Alar. 4, 1936 ^ 

f , ' ; 

^ i 

Summer treatment 2 

I 

i i 

1 , 1 

Lead arsenate only 


Bordeaux plus lead arsenate. 

j CSiV24-L44+CaBi+Zain-t'POnd 

1 do 

L . do 

! Lead arsenate only,, 

CSl+L?i+Cai n+Zai n+'FOU-- 

i Bordeaux plus lead arsenate. 

dft. 

i Lead arsenate onlj’' 

CSl?--fL'^i+Cai i+Za.i H+FOfL 

1 Bordeaux plus lead arsenate - 

‘ CSl+Ll+Cai n+Zail-fFOn.— - 

1 do - 


Type 2 and 
i number 

1 of lesions 
! observed 

I 

Total 
pycni- 
dia ob- 
served 

Pycnidia 
with spores 


1 

j 

Num- 

ber 

.Vum- 

ber 

, Per- 
f cent 

(Old 

5 

57 

24 

\ 42 

'iNew 

11 ' 

33 

33 

1 100 

fOld 

3 

17 

10 

i 65 

iNew 

7 ' 

24 

24 

i 100 

jOId 

5“ 

16 

0 

! 0 

jNew 

19 

55 

27 

49 

mid 

5 

20 

0 

0 

iXTew 

fOld 

19 

54 

38 

70 

ixew 

8 

30 

14 

1 47 

[Old 

3 

15 

0 

i , 0 

INew 

7 

27 

16 

59 

(Old 

5 

19 

0 

0 

'iNew 

9 

23 

23 

100 

If Old 

3 

13 

0 

0 

INew 

16 

41 

20 

49 


1 For ex'plaBation of symbols, see footnote 1, table 2. 

2 All plots were sprayed with flotation sulphur, 1&-100, just before the blossoms opened, at petal fall, and 
1 week later. Lead arsenate and hydrated lime, each 3-100, were added at petal fall. The bordeaux plots 
rec?eived applications of bordeaux, 4-r>-100, plus lead arsenate, 4-100, at 2 and 3 weeks after petal fall. The 
other plots were treated at the .same dates with lead, arsenate and hydrated lime, each 4-100. 

See text. 

None of tlie dormant spray treatments caused any perceptible 
liost injury. 

While the available data are very meager^ they indicate that 
suitable applications of copper-lime-arsenic mixtures are capable of 
preventing sporulation^ in a high percentage of the pycnidia of the 
blotch pathogenj especially those borne in the old lesions. Wliether 
these or similar treatments can be sufficiently perfected to become a 
practical measure for blotch control lies beyond the scope of the 
present investigation. 

PEACH SCAB 

On February 16, 1933, formulas 25, 30, and 31 of table 2 and bor- 
deaiix mixture, 4-2^50, were each applied at Madison by means of 
hand sprayers to twigs of Amygdalus persica L. bearing lesions caused 
by Cladoeiporium earpophUum Thiim. on the growth of the preceding 
year. On March 4 the twigs were collected and placed in a moist 
chamber at 22^-24° C. for 3 days to favor sporiilation. They were 
then examined^ microscopically by a standardized procedure for inci- 
denee of coiiklia of the scab pathogen. The untreated lesions bore 
abundant conidia. The following percentage reductions in the num- 
ber of spores borne on the treated lesions, based on the results from 
the untreated, were indicated:.' Formula 25, IOO7 .formula '.3.1, ,99.2;. 
formula 30, 93; bordeaux, 4-2-50, 60. Twigs sprayed with the cop- 
per-linie-aisenic mixtures show^ed some injury after growTh ,wms .re- 
sumed, cliiefly manifested as, a roughening of the bark. The peach 
plaiit^ is well knowm to be very sensitive to copper injury. Lack of 
sca!>-infecteil peacli trees precluded further experiments at Madisrm. 
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Sept 15, 1937 



Fwure 7,— Sections of fungal fruiting structures from fixed material, showing effects of eradicant spray 
treatments: .1, Disorganized pycnidiiim of PhyUo^ida salUariu 2 months after treatment with formula 2 
of tabled; B, as ,1 liut untreated; C\ disorganized ascocarp of Myeosphaerella rubina 17 days after treatment, 
with a eoprjer-liine-arsenic mixture; D, as Chut untreated; E, disorganized ascocarp of PibotriiQn mor- 
bmurn 21 days afier treatment with formula 12 of table 8; F, as .FJ but untreated. All approximately 
: X 2510. 
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On Marcli 15, 1935, three copper-lime-arsenic mixtures were applied 
to peach trees at Lexington, Kyd, means of a power sprayer. The 
flower buds had already begun to show pink. Examination of twigs 
collected hlav 17 showed that the sprayed lesions bore about one- 
third to one-half as many conidia as the unsprayed. It seems prob- 
able that the lateness of application and the use of weaker mixtures 
.may accoiiiit in large measure for the difference between the Ken- 
tiickv results and those obtained at hladison. 

These data, though fragmentary and inconclusiYe, suggest possi- 
bilities of substantial reduction of sporulation of the^peach scab^fun- 
giis in twig lesions means of suitable dormant spraying, and indicate 
that the eopper-liiiie-arsenic sprays were far more effective than the 
bordeaux. 

SPUK BLIGHT OF RASPBERRY 

At Madison on Alay 15, 1933, several copper-lime-arsenic mixtures 
were applied by hand sprayers to canes of red raspberry {Rui>us stfi- 
goms hliclix.) afl*ected by spur blight, caused hj AlycosphaereUa rubina 
(Pk.) Jacz. hlicroscopic examination of samples collected May 29 
showed that perithecia on the sprayed canes were dead, whereas 
those oil the imspra^^ed were in good condition. When fragments of 
moist bark bearing numerous perithecia were placed over clear agar 
in Petri dishes, there was abimdant discharge of ascospores from the 
unsprayed material, none from the sprayed. Histological sections of 
sprayed and uiispra^md perithecia collected June 1 are illustrated in 
figure 7, C, I). 

PEAR SCAB 

III a single small-scale experiment at Madison in 1933-34, pear (Py- 
ruB commMnis L.) branches of an unknown variety bearing scabby 
leaves were treated in the fall with certain copper-lime-arsenic mix- 
tures to test the effectiveness of the latter in suppressing production 
of perithecia of Venturia pyrina Aderh. Sprayed and unsprayed 
leaves were overwintered and examined for perithecia by the methods 
used in the similar studies on apple scab. The results, which will not 
be given in detail, were closely similar to those obtained in the apple 
scab work. 

At Hood River, Oreg.^, in 1934-35, certain copper-lime-arsenic 
mixtures were applied to branches of three large Anjou pear trees 
bearing twig lesions caused by Venturia pyrim. The same treatments 
were given on two dates, December 5 and March 18, so that one 
series of branches received only the earlier application, another only 
the later, and a tliiid received both.- Unsprayed branches served as 
controls. Because of circumstances beyond the control of the 
experimenters, these trees also received a dormant application .of 
lime-sulphur. 

Samples of twigs collected May 12 were sent to Madison, where 
they were examined microscopically for the percentage of .lesions that 
bore conidia oj the scab fungus. The results, which will ..not be given 
in detail, indicated that the more efiieient treatments had reduced 
the percentage of sporulating lesions' by approximately tlrree-fourths 

h rnacltj Br. W. D. VaEeau of tte Kentueky Agricultural Experiment Station for 
Ills fcuni foopenitmn m this Mpeninent and permission to report the results. 

^ AckiirmiiH!i,ni( at is made to L. Childs of the Hood River Branch Experiment Station of Oregon, and 
J. kitahoh oft Ik Office of Horticultural Croi^and Bureau of Plant Industry, U. S. Biunirtment 

tif Agneuliurc, f..r irnar \md cooferatlim in thh experiment and i:^rmissi 0 n to report the results.. 
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to nine-ten tlis. However, under the conditions of the experiment, 
there was more spray injury than could be tolerated commerciaUy. 

While the host injury caused in tliis experiment was distinctly 
discouraging, it should be noted that all the formulas used were 
comparatively low in lime. The fact that the conidial inoculum 
appeared to be substantiahy reduced by the formulas tested in this 
initial trial suggests possibilities of its more adequate suppression by 
better adapted sprains. 

CHERRY LEAP SPOT 

At Madison in 1933, branches of sour cherry {Prunus cerasiis L.) 
abundantly affected by leaf spot, caused by Ooccomyces hiemalis 
Higgins, were given fall applications of certain copper-lime-arsenic 
mixtures. Sprayed and unsprayed leaves were overwintered and 
examined for apothecia in the spring by the methods used in^ the 
similar studies on apple scab. The results, which will not be given 
in detail, were closely similar to those obtained in the studies on 
apple and pear scab. 


BLACK KNOT OF CHOKECHERRY 

In three series of experiments at Madison in 1933, certain sprays 
were applied by atomizers to cut twigs of chokecherry (Prunus 
virginiana L.) bearmg lesions of black knot, caused by Dibotryon 
morbosu?n (Schw.) T. & S., to test their effectiveness in suppressing the 
production of ascospores of tins pathogen. Two to ten twigs bearing 
living knots with abundant ascocarp initials or ascocarps were used 
per treatment. The cut ends of the twigs Avere kept in water, 
wliich was changed frequently. A summary of the treatments and 
results appears in table S. 


Table S , — Restdts of epraying cut twigs of chokecherry for the suppressioti of the 
ciscigerous stage of the black knot fungus j Madison, Wis., 1983 


Series and date of 
application j 

Formula I 

Ascosiwes present 
at stated dates 


■ 1. 

Untreated... 

Yes.. 



2. 

CSl+L (neiit.)-'+FOUi 



Series 1, Feb. 1 

3. 

C S 1 + L (neu t . I + C ai 1 + F 0 u . . - 

No.. .. 

Feb. 15 

4. 

CS1+ Li-i-Cail + F04:} 

No 


5. 

CSl-j-L l-i-Caa-’-fFO^s— ■ 

No 



6. 

C34:i+L tHCaiU>+F04^ . . 





Untreated.. ... 

Yes 



8. 

CSl+L 

Yes . ■ 



9. 

CSl+L (neut.l+FOM ... . . 



Series 2, Feb.. 10,. ..j 

1 

10. 

CS1+ L l+Caip+FOai 

No.. 

iFeb. 25 

11. 

12. 

CSl+L l+Cai 

CSl+L l-bCain+FOl...... ' 

No..... 

No... 

,1 

13. 

CSl+L H+Cm^-i-'FOU 

■ No. 


. j 

Il4. 

CS1+,L H+CaiU+FOa^ ... ..... 

No. 


Series 3, XI ar. 

|15. 

Untreated-. ^... ..... . _ , 

Yp,r ,1 


116. 

CSl+L H+Cail^+FOl- ■ 

M.ar. 14' 

'i 





J For explanation of symbols, see footnote 1 of table 2, 

2 XI ilk of lime was added in successive small amounts until the supernatant liquid, after agitation, no 
longer gave a positive potassium ferrocyanide test for copper. 


On Februaiy 1, when the first series of sprays was applied, the asci 
of the black knot fungus were in an early stage of development. A 
few spores had been delimited, but none were mature. The twigs, 
after diying overnight in the laboratory, were V7et with distilled water 
and held in a moist chamber for 1 week at 7"^ and for another atl2^ C. 

19S83— 37— 3 ■ , , 
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Abiiiidaiit ascospores were developed on the imsprayed knotSj ^and 
the aseocarps from this source were in good condition when examined 
on February 15. Abundant ascospores were also matured on the 
cankers sprayed with neutral bordeauXj but none on those sprayed 
with the copper-linie-arsenic mixtures. No asci were found in the 
material that received formula 4. Abundant asci were observed in 
the material that received formulas 3, 5, and 6, respectively; but they 
were abnomial, appeai-ed to be degenerating, and bore no delimited 
spores. Fragments of knots from each treatment were moistened and 
placed in Petii dishes above agar for a test on spore discharge. Abun- 
dant ascospores were discharged from the untreated fragments. Dis- 
charge from the material that received the bordeaux treatment was 
abimdant, but apparently less than from the untreated. No discharge 
occurred from fragments' that had been treated with any of the copper- 
liine-arseiiic mixtures. 

The second series of sprays was applied Febrimry 16. The twigs, 
after drying overnight in the laboratoiy, were moistened and held in 
a moist' chamber for 9 days at 16"" C. The results of microscopic 
exainiiiations and a test of ascospore discharge were similar to those 
of the first series. Abimdant ascospores were developed on the un- 
treated knots. Bordeaux failed to prevent abimdant ascospore devel- 
opment and discharge. No mature ascospores were obtained from 
any of tlie knots that received the copper-lime-arsenic treatments. 
Figure 7, F, illustrates the condition of a typical perithecium that 
received treatment 12, in contrast vith that of a normal ascocarp 
from an untreated lesion. 

On March 9, when the third series was started, many of the asco- 
carps contained mature asci, and discharged ascospores freely when 
irioistened. After the spray was applied the knots were allowed to 
dry out of doors. They were then wet with distilled water and 
placed in a moist chamber for 4 days at 16*^ C. On March 13 the 
unsprayed perithecia were normal in appearance, contained mature 
asci in abiindance, and discharged ascospores freely. The asci in the 
treated aseocarps had degenerated, and no ascospores were dis- 
charged when fragments of the treated knots were moistened and 
placed over agar in Petri dishes. 

THREAD BLIGHT OF FIGia 

At Union, La., % {Fiem carica L.) branches bearing abundant 
sclerotia of the thread blight fungus, Coriicium, koleroga (Cke.) v. 
Holm, were sprayed January 25, 26 and again February 27, 28, 1935, 
yith each bordeaux mixture (8-8-50 in the first application, 4-4-50 
in the second) and certain copper-lime-arsenic formulas, respectively. 
The bordeaux treatments considerably reduced the amount of infection 
that developed in the following season, but did not satisfactorily con- 
trol the disease.^ The two treatments with one of the copper-lime- 
arsenic preparations (formula 209 of table 2) gave efficient , control. 
The disease developed abundantly on the imsprayed branches that 
served as cheeks. No spray injury was observed. " 

III 1930 the experiment was repeated with modifications. Two 
trees, abou t 12 yearn old and bearing abundant sclerotia, mycelia,. and 

is marie to Or, E. O. Tims ami P. J. Mgis, of the Louisiana Aj^ricultural Experiment ■ 
hr Avmnsmn to make the foltewtof statement r^arding their work on this disease. 
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basidiospores of the thread blight fungus, were sprayed January 9 and 
again February 26 with two copper-liine-arsenie formulas. Formula 
108 of table 2 was used in both applications on tree no. 1, and formula 
142 (with fish oil, one-half of 1 percent) of the same table was similarly 
applied to three-fourths of tree no. 2. The remainder of tree no. 2 
served as a check. The disease was completely controlled on tree 
no. 1. A trace of infection (on two twigs) occurred on the sprayed 
portion of tree no. 2. The disease developed abundantly on the 
unsprayed part of tree no. 2. No spray injury was observed. 

SEED TREATMENT EXPERIMENTS 

The high eradicant fungicidal efficiency of copper-hme-arsenic mix- 
tures and the ease with which their toxic properties can be varied 
through a wide range of control by modifications of formula suggested 
tests of their potentialities for use in seed treatments. The fact that 
these mixtures are capable of exercising toxic effects in an all^;aline, 
neutral, or acid medium by means of soluble materials that diffuse 
from the spray or dust residues {26) suggested that they might find 
adaptation against seed- and soil-borne pathogens. About 200 dusts 
of good physical properties were prepared, usually by filtering the 
liquid preparations, drying the residues, and grinding in a mortar. 
The experimental work was centered about wheat {Triticum aestivum 
L.) bunt, caused by Tilletia tritici (Bjerk.) Wint. and T. lems Kiihn. 
In greenhouse experiments that have not yet been reported, certain of 
these copper-lime-arsenic dusts were somewhat more efficient than com- 
mercial copper carbonate or ethyl mercury phosphate dusts in control- 
ling tliis disease in infested soil. In these tests, however, the copper- 
lime-arsenic dusts used were not capable of satisfactorily controlling 
bunt in cases of severe outbreaks resulting from a soil-borne inoculum. 
Dusts of the type under discussion clearly have substantial value for 
seed-treatment purposes. It remains for further investigation to 
determine whether they can advantageously be adapted to practical 
use. 

DISCUSSION 

The results of these studies as they relate to apple scab control have 
been discussed in an earlier section. It remains to consider them in 
relation to potentialities of increased use of ei'adicant chemical 
measures in the control of other diseases. This discussion will be 
introduced by the following brief survey of pertinent literature. 

The first fungicides to find an important adaptation to plant disease 
control were of the eradicant type, and compounds of copper and 
arsenic, respectively, were among the first materials to be used suc- 
cessfully for this purpose. In his classic memoir on bunt of wheat, 
Prevost (27) reported experimental demonstration of the lethal action 
of copper sulphate and various other chemical agents on the spores of 
the bunt pathogen, and described a well-founded method for large- 
scale use of a copper sulphate solution for seed treatment. He re- 
viewed pre\dous work on seed Treatments for bunt control, giving 
special attention to arsenous oxide, which had been used in England, 
and reporting it to be much inferior to copper sulphate in fungicidal 
action and other important qualities. 

Washing dormant grapevines with a solution of iron sulphate and 
sulphuric acid to combat an thracnose was one of the earliest successful 
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atlaptations of liquid fungicides to the treatiiieiit of plants for disease 
control It was an'eradicant procedure, and,^if it liad received 

more eoiisideratioiif iiiiglit have pointed the to further substantial 
tievelopiiierits in this direction. However, the discovery of bordeaux 
mixture and the sreat development of dominantly protectant spraying 
tluit ■iiilioAved appear to have overshadowed this promising beginning 
ill tlie evaiiition 'of methods for suppression of the primary inoculum 
of phytopathogenic fungi by eradicant chemical treatments. 

The doiiiinance of protectant spraying in the control of orchard 
diseases since the discovery of bordeaux mixture, the great acliieve- 
meiits and present importance of protectant spraying, and the current 
status of eradicant measures in orchard disease control have been 
discussed by one of the writers (15). ^ 

In tlie rapid expansion of spraying methods that followed the 
iiitrochietioii of bordeaux mixture, various treatments^ of dormant 
plants were tried more or less empirically against many diseases in the 
hope of suppressing the pathogens. In most cases, however, the 
results did not justify the treatments. While eradicant spraying has 
come into very successful use against certain diseases (e. g., peach 
leaf curl, caused by Taplmna deformans (Berk.) Till.), it has continued 
to receive comparatively little attention. 

xythoiigh arsenic is not usually regarded as an active fungicidal 
element, it Ins long been kno\ni that various arsenical compounds are 
toxic to fungi ( 22 ). The early work with arsenous oxide in seed 
treatments xgainst bunt of wheat (27) has been mentioned. Knowles 
{ 21 ) lepoit^ ill e.iily attempt to combat dry rot of ships by the use 
of arsenical materials. Reference may be made to Horton and Salmon 
(11) and McCallan and Wilcoxon (22) for surveys of more recent 
literature on the fungicidal action of arsenical compounds. Of 
special interest in relation to the present paper are the work of Curtin 
(2) and Curtin and Thordarson (3) on the use of arsenites in wood 
preservation, that of Viala (30) and others on control of “esca^’ or 
apoplexy of ^the vine by a dormant application of an arsenical spray 
(chiefly sodium arsenite), and various experiments on the use of 
arsenical compounds in seed treatments (22) and in spraying plants in 
foliage (d, 7, 8, 9^ 11 ^ 28) to combat certain diseases. McCallan and 
Wilcoxon ( 22 ) report that in their experiments on spore germination 
arsenic was toxic as arsenous acid, sodium amenate (Na 2 HAs 04 . 7 H 20 ), 
and elementary powdered arsenic. They state that, in conformity 
with the results of Wolleiiweber (54), their data-' indicate great 
variation iii^ sensitivity to arsenic among fungi”, and suggest that, 
wliile amenic*^ ma}-" find increased use for fungicidal purposes, its 
adaptation will probably be confined to certain specific eases, .such 
as they Imve noted. Working with a different ' technique, Curtin 
and Thorchirson (3) ^found that zinc meta-arsenite was highly and 
rather iiiiifonnly toxic to the 14 species of fungi that they studied, 
and Palniiter and Keitt (26) report, that calcium arsenites w'ere 
highly toxic to all of the 8 species of phytopathogenic fungi iiicliided 
ill their stiafies. , 

^ It seems iiiiiieressary for the purposes of the present paper to 
discuss the rather extensive literature (32) dealing with the injurious 
or beiieliciiil effects of arsenical^ compounds on see<l ])hmts, the ac- 
cumulation of arseiiic in the soil, its inactivation in the soil by chemical 
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reactions, its liberation from the soil in a- gaseous state as a result of 
the activities of micro-organisms, and related subjects. 

xidditions of various arsenical compounds to bordeaux mixture for 
spraying plants in foliage have long been made for the purpose of insect 
control. Formerly, arsenites or materials containing them, such as 
paris green and london purple, were commonly used ; but, in later 
years, these have largely been replaced by arsenates. It has long been 
recognized that the addition of these arsenical compounds may 
increase the fungicidal value of sprays. However, at the concentra- 
tioiis used in practice, such preparations have comparatively little 
eradieant fungicidal value, and are unsuited to the purposes of the 
present investigation . 

The results that have been presented in the present paper and those 
of a correlated study on the toxicity of copper-lime-arsenic mixtures 
to certain pliytophathogenic fungi, using toximetric cultural methods 
(M), show that suitable copper-lime-arsenic mixtures have powerful 
eradieant fungicidal properties, and that the toxicity of preparations 
of this type can be varied through a vdde range by choice of the 
arsenical coniponent, modifications in the amounts and proportions of 
the ingredients, and the use of amendments. Under the conditions 
employed in the toximetric experiments (26) the calcium arsenites 
studied showed a higher toxicity to the test fungi than copper sulphate, 
and the copper-linie-arseiiite mixtures commonly showed a toxicity 
ecpial to or greater than the summation of the toxicities of their 
separate ingredients. Furthermore, it was shown that copper-lime- 
arsenic preparations liberate soluble materials that are capable of 
diffusing through an acid, neutral, or alkaline medium and exercising 
fungicidal action at considerable distances from the imdissolved 
residues. Under like conditions, the copper-lime component (bor- 
deaux mixture), when used alone, exercised little or no toxic action by 
means of diffused materials when the medium was alkaline or neutral, 
and very little in the acid range tested. These facts aid in explaining 
the great superiority of suitable copper-lime-arsenic preparations over 
bordeaux mixture in eradieant fungicidal power. 

The studies reported herein show further that suitable copper-lime- 
arsenic mixtures were usually liighly effective in either preventing 
sporiilation of the various pathogens against which they were tested or 
else in killing or inactivating the spores before they were disseminated. 

The dictum that a phytopathogenic fungus cannot be effectively 
combatted by spraying after it has become well established in the host 
tissues is rather widely accepted. Attention is invited to the fact that 
most pathogenic fungi that grow on or in plant tissues spomlate at or 
near the surface, or else their spores pass to the surface before they 
can be disseminated. The production and liberation of the primaiy 
inoculum is therefore to be regarded as a potentially vulnerable stage 
in the life history of many phytopathogenic fungi, and one against 
wiiich surface treatments with suitable eradieant fungicides would seem 
to have much greater possibilities than have liitherto been generally 
reco.gnized. . . . 

The studies thus far undertaken have been exploratory and com- 
paratively limited. Much additional work remains to be done if 
eradieant chemical measures of the type under consideration are to 
find substantially increased practical adaptation in programs of 
soundly founded complementary procedures for the control of plant 
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diseases now combatted cliiefly b\" protectant fungicides.' The work 
reported herein was centered about copper-linie-a.rsenic ^preparations 
only because these seemed to bo much the most promising materials 
tried. Further studies dhected toward the development of better 
adapted materials seem' desirable. Only a small beginning has been 
made on experimental studies of the effects of eradicant treatments, 
and the consequent limitation of primary inqc^um, on epidemiology 
and control of the diseases concerned. Additional work in tliis un- 
developed field and in the underlying fmidamentals of epidemiology is 
highly essential to the evolution of soundly based control programs. 
Attempts at practical applications of the methods under investigation 
await further advances in studies of the eradicant methods and their 
effects. 

The present methods of protectant spraymg are the result of a 
prodigious amoimt of investigation and experience in many lands 
thi-ougliout a bO-year period. The problems of chemical eradication 
seem to be no less difficult than those of chemical protection. ^ If the 
use of eradicant measures to complement protectant spraying is to be 
siibstantially advanced it will be only as the result of adequate experi- 
mentation. ' It is hoped that the evidence now available on the po- 
tentialities of eradicant chemical treatments for plant disease control 
may justify other workers in undertaldng studies in this comparatively 
neglected field. 

SUMMARY 

Accomplislmients and limitations of plant disease control by prot- 
ectant spraying are discussed, and attention is called to the need for 
increased development of control programs of complementary pro- 
cedures based on the principles of immunization and eradication as 
well as protection. A report is given of studies of potentialities for 
increased use of eradicant chemical measures for direct attack upon 
the pathogen, with the aim of reducing it to a survival level at which 
it can be more surely and economically controlled. 

The studies on apple (M(dus sylmstris Alill.) scab, caused by Ven- 
turia inaeqmlis (Cke.) Wint., were projected along three major lines: 
(1) Materials and methods for chemical eradication, (2) effects of 
eradicant procedures on epidemiology and control, and (3) large-scale 
orchard tests of the feasibility of adaptmg eradicant chemical measures 
to the practical control of the disease. 

In small-scale experiments many materials were tested in a single 
spray treatment after harvest and before many leaves had fallen, with 
the aim of suppressing the ascosporic inoculum. Various mixtures of 
aqueous solution of copper sulphate, milk of lime, and certain arsenical 
compounds (cMefly calcium and zinc arsenites) were highly effective, 
often completely preventing production of ascospores in mdividual 
tests. The results from over 200 formiilas^ are reported and discussed. 
J^fyny of these mixtures caused severe host injury. Others showed 
Mgh fungicidal effectiveness without having thus Tar' caused serious 
injury to the host. Further studies are necessary to determine which 
formulas are best and whether they are safe enough for use in orchard 
practice. 

^ In two seasons the epidemiology of apple scab was studied compara- 
tively in two small orchards about 100 yards apart, one sprayed with 
eopper-hme-arsenic mixtures in the fm and the other • unsprayed. 
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Neither received siiinmer si3rays. Under the conditions encountered, 
scab development in the orchard that I'eceived the fall spray was 
strikingly retarded and reduced. Certain confirmatory orchard 
observations are reported, 

A spring treatment of the fallen leaves with an ammonium sulphate 
solution killed the ascocarps of Venturia inaegualis. Other similar 
experiments are in progress. 

The studies on apple scab, which are being continued, have not 
reached a stage to warrant large-scale trials on the feasibility of 
adapting the eradicant chemical methods here discussed to practical 
use in controlling this disease. 

Small-scale exploratory tests of the potentialities of copper-lime- 
arsenic mixtures for suppressing primary inocula were made in 
relation to eight other phytopathogenic fungi. Fall spraying of pear 
{Pyrus communis) and cherry (Pnmus cerasus) leaves infected, 
respectively, by Veiitnria pyrma and Coccomyces hiemalis, and dormant 
spraying of chokecherry {Prunus wginiana) and raspberry {Bubus 
strigosiis) infected, respectively, by JDibotryon morbosum and Mycos- 
phaerella rubina were highly effective in suppressing production of 
ascospores. Dormant spraying was highly effective in suppressing 
production of conidia of Sclerotiniafructicola on overwintered persistent 
mummified fruits of plum {Prunus domesfica), and partly effective in 
suppressing production of pycnospores of PhylJosticta soliiaria on 
apple and conidia of Cladosporium carpophilmn and V enfuria pyrina on 
peach {Amygdalus persica) and pear, respectively. It was highly 
effective against sclerotia, mycelia, and basidiospores of Corticium 
koleroga, appearing to give satisfactory control of the thread blight 
of fig {Ficus carica). In greenhouse trials in infested soil, copper- 
lime-arsenic dusts gave somewhat better control of wheat {Triiicum 
aestimm Host) bunt, caused by Tilletia tritici and T, leiis, than did 
commercial copper carbonate or ethyl mercury phosphate dusts. 

The studies reported herein show: (1) That the toxicity of copper- 
lime-arsenic mixtures can be varied through a wide range of control 
by choice of the arsenical component, modifications in the amounts and 
proportions of the ingredients, and the use of amendments; (2) that 
these ^ preparations liberate soluble materials that are capable of 
diffhsing through an acid, neutral, or alkaline medium and exercising 
fungicidal action at considerable distances from the undissolved 
residues; (3) that suitable mixtures are highly effective against fungal 
fruiting structm^es at the surface, or near a permeable surface, of 
invaded tissues; and (4) that many phytopathogenic fungi are poten- 
tially vulnerable to attack by surface applications of eradicant fungi- 
cides. . 
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THE TOXICITY OF COPPER-LIME-ARSENIC MIXTURES 
TO CERTAIN PHYTOPATHOGENIC FUNGI GROWN ON 
MALT AGAR PLATES ^ 

By D. H. Palmiter, formerly research associate in plant pathology ^ and G- W. 

KeitTj professor of plant pathology^ Wisconsin Agricultural Experiment Station 

INTRODUCTION 

The work reported herein is part of a pries of studies of potential- 
ities for increased application of the principle of eradication to the 
control of certain types of plant disease through the use of fungicides. 
Keitt and associates 3j 5, have shown by means of spraying 
experiments that various copper-lime-arsenic mixtures possess strong 
eradicant fungicidal properties.. The present paper reports^ the results 
of a comparative study of the toxicity of some of these mixtures and 
of their separate ingredients to certam representative phytopathogenic 
fungi grown in vitro (4). While it is recognized that such work cannot 
take the place of field experiments, the greater speed of operations 
and more accurate control of environmental conditions in the labora- 
tory facilitate certain types of experimentation that materially assist 
in guiding the field work and interpreting its results. 

TOXIMETRIC STUDIES 

METHODS 

The technique employed in this study is based on the widely used 
method of Schmitz et ah {8) for toximetric studies of wood pre- 
servatives. 

The toxic materials w^ere dissolved or suspended in water in 250- 
cubic centimeter flasks at twice the concentration desired in the toxic 
medium, and steamed at atmospheric pressure for 1 hour. When two 
or more chemicals entered into the toxic material, they were steamed 
separately in appropriate volumes of water. The nutrient medium 
(agar, 34 grams; Trommer^s extract of malt, 50 grams; water, 1,000 
cubic centimeters) was freshly prepared at twice the concentration 
used in the tests, and suitable quantities were autoclaved at 15 pounds' 
pressure for 30 minutes. After partial cooling, equal volumes of the 
medium and the solution or suspension of toxic material were mixed. 
When two or more chemicals entered into the toxic material they were 
introduced into the mixing flask in the follovdng order: Copper or 
zinc sulphate, lime, the arsenical compound. The nutrient medium 
was added last, except in a few early experiments in which it was used 
to dilute the lime component. The results from these two procedures 
for adding the nutrient medium were so closely similar that they do 
not requii’e separate treatment. The mixtures wwe shaken as each 
material w-as added. After thorough agitation to insure uniform sus- 
pension of solid materials, each mixture of agar and test material was 

1 Eeceived for publication Apr. 26, 1937; issued October 1937. This work was supported in part by a 
grant from tbe Wisconsin AJunmi Eesearcb Foundation. 

2 Reference is made by number (italic) to Literature Cited, p. 451. 
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piiiireil in iinioiiiits of approxiraately 25 cubic centimeters into Petri 
plates, wbere after further agitation it was^ailowed to solklif}". The 
teinpeuiture was regulated so that the toxic medium sohdified very 
qiiiiivly after the phites were poured. 

Tlie" iiiTceliiiiii of the test fungi for planting the phites was cut in 
disks 5 milliiiieters in diameter from malt-agar plate cultures of suit- 
able age !,5 to 10 days) to have developed a vigorous growtln Two 
plaiitiiigs were niademn eacdi plate of toxic, medium on a median line, 
each disk being about equally distant from the center and the edge 
of the plate. Control plates containing the suitably diluted medium, 
but no toxic material, were similarly planted in each test. 

The plates were incubated in darkness at 20° C.^ for 2 weeks when 
the faster growing fungi, SeZe/nti/rk?. (3^'int.) Kehm. Gloin- 
erella cimfidata (Stoiieman) Sp. and con S., Phyllosticfa solitaria E. 
and E., and Physalospora ohiusa (Schw.)^ Cke.,^ were ^ used, and for 3 
weeks when Veniuria imequalis (Cke.) T\int., V. pyrina Aderh., ElsP 
nm mnMa (Burk.) Jenk., and Cladosporium Thum. were 

the test orgaiiisiiis. If no growth appeared during this time the disks 
were transferred to malt agar slants, and if then no growth appeared 
after a period equal to that on the toxic medium the mycelium in 
the disks was considered dead. 

Except as otlierwise stated, the results are summarized (tables 1, 
2, 3, 4) in terins of (1) the highest percentage concentration by weight 
of the toxic substance that in any case allowed growth of the test 
fimgiis on the plate, and (2) the lowest concentration that always 
killed the mycelium. At least two tests were made wdtli each organ- 
ism on each medium. Each test iisually consisted of duplicate plates, 
with a total of four colonies, though as many as 5 plates and 10 col- 
onies have been used. In general, the results of the replications 
agreed closely, tliougli, as might be expected, those from some of the 
less toxic materials (e. g., diacalcium arsenate) showed more varia- 
tion. lAually tlie concentration of the toxic materials was increased 
until the killing point wms determined. However, some of the test 
materials did not kill at concentrations of 2 or 3 percent; and, since 
it is ordinarily impracticable to use such high dosages for spraying, 
the actual killing point of these preparations was not detemiined. 

MATERIAL 

Sorec’E AND PuRiTr of the Chemical Materials Used 

The arsenical compounds used in this study, wdiich were finely 
ground products obtained from several commercial companies, were 
analyzeeP according to the methods of the Association of Official 
Agricultural Chemists (1). Results appear in the following para- 
graphs. The percent of moisture is based on the original air-dry 
samples. The wmter-solubie and^ total arsenic are expressed as per- 
cent Asyi\ for the arsenites and AS2O5 for the arsenates, based on the 
oven-dn^ (110° C.) samples. There was not sufficient difference in 
the results from different lots of the same compound to warrant „ dis- 
tinctive designation of each lot in relation to the analyses. , • 

Calcium a rsenite>j —While the calcium arsenites are designated as 
mono-, di-, and tri-, it is recognized that' each probably, contained 

’S Grateful ac'knowlerlgmt'nts are made ta Prof. V. W. Meloehe for siiper?is.inR and' to C. N. Clayton 

iftr imifcmir .. 



Sept. 15, 1937 


Toxicity of Coiyper-Lime-Arsenic Mixtures 


441 


some admixture of the others. Each of the three samples of nioiio- 
calcium arseiiite used contained less than 1 percent of moisture. The 
water-soluble arsenic ranged from 23 to 28 percent, and the total 
arsenic from 70 to 74 percent. The two samples of dicalcium arsenite 
showed 2.7 and 4.5 percent of moisture, 8 and 15 percent of water- 
soluble arsenic, and 59 and 61 percent of total arsenic, respectiyely. 
The two samples of tri calcium arsenite showed 1.0 and 1.6 percent 
of moisture, 1.7 and 9.0 percent of water-soluble arsenic, and 55 
and 54 percent of total arsenic, respectively. 

Zinc arsenite. — All the zinc arsenite w^as obtained from the same 
source. It contained 0.4 percent of moisture, 0.6 percent of water- 
soluble arsenic, and 42 percent of total arsenic. 

Co 2 }per arsenite. — The copper arsenite (c. p.), wdiich wms reported 
by the manufacturer to be in the cupric form, contained 2.2 percent 
of moisture, 2.0 percent of wmter-soluble arsenic, and 41 percent of 
total arsenic. 

Paris green. — The paris green, wdiich came from one source, con- 
tained 0.3 percent of moisture, 0.2 percent of wnter-soluble arsenic, 
and 57 percent of total arsenic. 

Iron arsenite. — The iron arsenite (c. p.), wdiich was reported by the 
maniifactiirer to be in the ferrous form, contained 5.6 percent of 
moisture, 3.0 percent of W’ater-soluble arsenic, and 42 percent of total 
arsenic. 

Calcmm arsenates. — The dicalciiiin arsenate used contained 0.6 
percent of moisture, 10 percent of water-soluble arsenic, and 54 per- 
cent of total arsenic as As205* The tricalcium arsenate used w^as not 
available wdien the arsenic determinations were made. 

Other cliem ical Materials . — Crystalline cupric sulphate (CUSO4 . 
5H2O) of technical grade, c. p. crystalline zinc sulphate (ZnS04.6H20), 
and lump calcium oxide of U. S. P. grade were used. 

Source of Test Fungi 

The test fungi were obtained as follow's: Venturia inaequalis, six 
monoconidial isolates (15, 17, 18, 22, 24, and 30) used and described 
by Palmiter (7); V. pyrina, a monoconidial isolate from a pear leaf 
at Madison, Wis.; Cladospormm carpophMwm, a monoconidial isolate 
from peach twdgs at Madison; Phyllosticta soUtariUj isolated from 
apples from Indiana; Elsinoe veneta, from raspberry canes at Madison; 
Glomerella cingulata, a culture from H. W. Anderson, Ilrbana, 111. ; 
Physalospora ohtma, a monoconidial isolate from H. H. Foster, 
Madison; and Sclerotinia fructicola^ a monoconidial isolate from 
cherry fruit at Sturgeon Bay, Wis. 

EXPERIMENTAL RESULTS 

TOXICITY OF THE SEPARATE INGREDIENTS OP CERTAIN COPPER-LIME-ARSENIC 

MIXTURES 

Data on the toxicity of six arsenites, copper siilphate, and calcium 
oxide, respectively, to each of eight test fungi are shown in table 1. 
The toxicity of the arsenites varied through a wide range. The mono- 
calciiim preparation was the most toxic. The tricalciiim arsenite 
w^as slightly less toxic. Paris green w^’as less toxic than the calcium 
arsenites, but more toxic than copper arsenite. The zinc and iron 
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preparations were the least toxic of the arsenites tested, neither of 
them killing aiiv of the test fungi except Physalospora ohtusa at 2 
percent, the highest concentration used. 

The concentration of copper sulphate required^ to kill ranged from 
3 to more than 10 times the letW concentration of monocalcium 
arsenite, depending on the test fungus used. 

The toxicity of calcium oxide varied much vitli the test fungi, 
one being killed at a concentration of 0.4 percent wliile three were 
able to withstand 2 percent. 

No two test fungi reacted alike. Physalospora ohtusa was the most 
sensitive, being killed all the test materials used at concentrations 
less than 2 pevcent. GlomereUa cingulaia was the most resistant to 
copper sulphate, wliile Sclerotmia fructicola was the most resistant to 
the arsenites. Figure 1 shows the growth made by Physalospora 
obfma oil malt agar plates containing graduated concentrations of 
each of four different arsenites and of copper sulphate. 


Table 1. — Timcily of the separate ingredients of certain copper-lirne-arsenic 
mixtures to eight phyto pathogenic f ungi 


Toxic agent 

Criteria 

Critical concentrations i for— 

Ventu- 
ria in- 
aegua- 
lis 17 

Yentu- 
ria py- 
rina 

Clado- 

sporium 

carpo- 

philum 

Phyllo- 

sticla 

solita- 

ria 

Ekinoe 

veneta 

Glomer- 

ella 

cin- 

gulata 

Physa- 

lospora 

Ob- 

iusa 

Sclero- 

tinia 

fruc- 

ticola 

Monocalcium, arseiiite.. - 

Tricalcittm arsenite 

Zinc arae-aite 

Iron arsenite 

Copper arseBlte, 

Paris green 

Cop|3er sulpMte---, 

Calcium oxide 

f Growth- -- 

'I Death 

I'GrowTh... 

1 Death 

fGrowth---: 
'i Death 

Pttceni 

o.os 

.10 

M 

.12 

>2.00 

Percent 

0.06 

.10 

.08 

.12 

>2.00 

Percent 

0.04 

.06 

.04 

.06 

>2.00 

Percent 

0.02 

.06 

.02 

.08 

>2.00 

Percent 

0.08 

.10 

.06 

.08 

>2.00 

Percent 
0. 06 
.10 
.06 
.10 

>2.00 

Percent 

0.02 

.04 

.04 

.06 

1.00 

1.50 

.40 

.50 

.10 

.50 

.05 

.10 

.10 

.60 

.40 

.50 

Percent 

0.06 

.12 

.06 

.14 

>2.00 

: /Growth.--, 
^ / Death 

>2.00 

>2.00 

>2.00 

>2.00 

>2.00 

>2.00 

>2.00 

f Growth.. - 
/Death 

>2.00 1 

>2.00 

i .50 

! 1. 00 i 

1 .10 
.60 
.10 
.60 
.50 
>2.00 

.20 

>2.00 

.05 

.20 

.15 

I .20 
.30 
1.00 

>2.00 

1.00 

>2.00 

I .50 
.60 
.30 
2.00 
1.00 
>2.00 

>2.00 

[Groftiih.— 

/Death 

f Growth-..; 
) Death.—., 
f Growth ...j 
/Death i 

.50 I 
.60 j 
.10 j 
i .30 ; 

1 .40 j 

.80 ! 
1 

>2.00 

.20 

.45 

.40' 

,50 

j .50 
2.00 
.20 
.70 
.30 
.40 

.20 
1.00 
.80 
i 1.00 

.60 
>2.00 


i Tile Sgure shown for growth is tlie highest concentration tested at whicii grow'th occurred in any experi- 
ment; for death, the lowest that always killed. > indicates that the critical concentration was greater than 

the figure shown. 


Data on the relative toxicities of each of four arsenites, two ar- 
senates, copper sulphate, and calcium oxide to each of six monoconidia 
isolates of Ventuna inaequalis are shown in table 2. The three cal- 
cium arsenites gave similar results and were consistently more toxic 
than copper sulphate. The tricalcium arsenate was the least toxic 
compound tested in this experiment, all of the isolates being able to 
grow at the highest concentrations used. The dicalcium arsenate 
was only slightly more toxic. The toxicity of paris green was inter- 
mediate between that of the calcium arsenites and the arsenates. 

As pointed out by Palmiter (7), different isolates of Venturia inae- 
quaUs may sl»ow considerable variation in tolerance to toxic materials 
in the medium on which they are grown. Isolates 22 and 30 were more 
resistant to killing by the calcium arsenites than were the others. 
Isolates 22 anil 17 were the more resistant ones to copper sulphate. 
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Fiouee 1.— Growth of Pkpmlospora oUum on malt agar plates containing from left to right 0.0.1, 0-025, and 
^05 percent, respectively, of: /I, Monoealciumarsenite; B,zlncarsenite; C, iron arsenite; D, copper arsenite: 
copper sulphate. 
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TOXICITY OF CERTAIN COPPER-LIME-ARSENIC MIXTURES 

Data on tlie toxicity of certain copper-lime-arsenic^ mixtures and of 
their copper-liiiie component^ used alone, are shown in table 3. The 
copper-ijiiie-iiioiiocalciimi arsenite preparation was the most toxic 
of the iiiixtures studied, Sclerotina fructicola being the only test 
iiiiigiis that was not killed by 10 percent of the reference concentration. 
The' similar tricalciiim arsenite preparation was distinctly less toxic. 
The paris green mixture was more toxic than the tricalcium arsenite 
preparation against certain test fungi and jess toxic against others. 
Ill all cases itVas more toxic than the zinc, iron, or copper arsmite 
mixtures. The copper-lime component, used alone, was relatively 
low ill toxicity, most of the test fungi surviving at the highest con- 
centration tried. 

Table 2. — Toxicity of the sepafate ingredierits of certain copper-lime-arsenic 
''mixtures to 6 isolates of Ventiiria inaequalis 


Toxic agent 


Criteria 


D icalcmm srseni te , 


! /Growth.-.. 
■’Ipeath 

Tricalciiim arsenite I’fnpfl'rh 

-s... 

i /Growth 


Dicalciom arsenate. . 

Tricalciiim arsenate 

Copiier sulphate 

Calcium oxMe. 


1 Death.., 

/Growth 

1 Death 

(Growth 

(Death 

(Growth 

I Death...... 


Critical concentrations ^ for isolate- 


M onocaiciu m arsen i te. ! [ x^eath ^ ' ' 


15 

17 

18 

. 

22 

24 

30 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

0 . ns 

0. 08 

0. C 8 

0. 12 

0. 08 

0. 10 

. 12 

.12 

. 12 

.IS 

.12 

.14 

. 08 

.08 

.08 

. 10 

. 08 

.08 

. 12 

. 12 

. 10 

. 12 

.12 

.14, 

. 08 

.08 

.10 

. 10 

.08 

. 08 

. 10 

. 12 

.12 

. 16 

.12 

. 12 

! .30 

i .50 

• . 30 

i . 50 

.30 

. 30 

: .50 i 

' .60 i 

>. 30 

1. 50 

>.30 

>. 30 

: LOO 

: .60 

1. 00 

i 1. 80 

1.00 

. 50 

3. 00 

i >3.00 

>2. DO 

1 >3.00 ; 

>2.00 

>2.00 

; >3.00 

1 

1 >3.00 

>2. 00 

1 >3.00 - 

>2.00 : 



1 ,10 

.12 

.12 1 

.10 

.14 

1 . 14 

i .30 

.18 

.40 

.16 

.18 

1 >.50 

to * 40 

>.50 

; >.50 

>.50 

.10 


1 .'80 ^ 


I 

1 


.50 


1 . 

i 

1 




1 See ftwt note 1. table 1. 

Table 3. — Toxicity of certain copper-lime-arsenic mixtures to 8 phyto pathogenic 

fungi 


Critical concentrations ^ ^ of reference formulas for- 


Formtilas at reference 
eoncentraticins ‘ in 
grams, per IQO ciibie 
c^atimeters 


tirses- 


0.5. . 


A -r I aris green . . - 


Cr,i'teria 

I en- 
iuria 
in- 

aequa- 
its 17 

Ven- 

iuriu 

pyrim 

Clado- 

sporium 

ear- 

pophi-' 

lum. 

Phyllo- 

stkta 

&oli- 

taria 

Elstnoe 

veneta 

Glmn- 

erella 

cin- 

gulata 

Fftpa- 

lospora 

ohtvsa 

Sclero- 

tinia 

fruc- 

ticola 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

iGrowth- - - 

m 

20 

10 

m 

m 

>100 

20 

20 

(Death...-. 

100 

>100 

>100 

100 

>100 

>100 

>100 

>100 

1 Growth. . . 

5 

5 

2 

5 

5 

5 

2 

5 

meaih 

10 

10 

10 

10 

10 

10 

5 

20 

(Growth. .. 

r . ■ 5 \ 

10 i 

5 

5 

5 

^ ■ 5 : 

2 1 

10 

i* Death 

, >10 ^ 

>KI) ’ 

40 

10 

10 

100 

5 ‘ 

>100 

TGrowth--- 

1 20 i 

■20- 

10 

10 

10 1 

10 

10 i 

10 

|( Death .... 

, >l«)i 

>KM) 

>i<M i 

60 

>100 ! 

>100 = 

' 40' 1 

>ltX( 

! /Growth, -- 

■ m 

60 

5 i 

■ 5 ' 

20 1 

i 10 

. 5' 

20 

h Death..... 

>100 1 

>100 

lOO 

100 

100 i 

>100 

■■ ■ 20. 

>100 

;/Grfnvth..., 


. 5 ■ 

5 : 

5 

5 1 

.10 

'■■5' 

10 

'‘Death 

iftt'i 

■,. >H»- 1 

100 i 

fM) 

60 , 

1 >100' 

, 20 

>100 

!l Growth... 

1 10 ■■■f 

10 

■ -.s j 

5 

' '5 

1 

■ 5' 

5 

i (Death... . 

I 1 

■ 60 1 

60 1 

It) 

20 

40 

10 

>100 


The foriiitilas are listeil at reference eoncentratioas, such as were used in spraying experiments, and the 
CTitictil wnceni rat IMIS shown are expressed in percentages of these reference! fotmulas. 

• See footnote 1, table 1. 

" A =rtie eopr’er-lime ctimponent: CuBOrSHsO, OTS grains, plus t^dum oxide, 0,5 grams, per 100 cubic 
eeiilimeters. 
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111 tests with Venturi a inaegualis (table 4), the copper-lime-mono- 
calcium arsenite mixture was more toxic than the similar dicalcium 
and tricalciuni arsenite preparations, and equally toxic to all six iso- 
lates used. The similar dicalcium and tricalciimi arsenate mixtures 
showed little increase in toxicity over the preparation containing only 
the copper sulphate and lime. When zinc sulphate was substituted 
for the copper sulphate, a slight decrease in toxicity resulted. 

Whereas the several isolates of Venturia inaegualis differed con- 
siderably from one another in their reactions to the separate ingredients 
of the copper-lime-arsenio mixtures (table 2), they were rather uniform 
in their response to the mixtures (table 4). 

The failure of certain fungi to grow on media containing compara- 
tiyei^ high concentrations of lime suggested a study of the tolerance 
of high alkalinity by the test organisms. Experiments were therefore 
performed to determine the optimal pH value for growth of the test 
fungi and the upper pH limits at which they could be expected to make 
satisfactory growth for these tests. Varying amounts of sodium hy- 
droxide were added to the malt extract agar to give the desired range 
of pH. On the basis of diameter of colony, 6lo frier ella cingulata and 
Elsinoe I'eneta made their best growth when the initial pH value of the 
medium was 8.0 to 8.7, wliile the other six fungi grew best when the 
medium was adjusted in the range of pH 5.3 to 6.7. All eight fungi 
were able to make satisfactory growth for these tests when the medium 
had an initial pH value of 8.5. 

When the ingredients of the mixtures were used separately in the 
medium all the toxic media except those made with calcium oxide 
gave pH readings belo^v 8.5. The medium containing 0.5 percent of 
the calcium oxide, used alone, was too alkaline for satisfactory growth 
of the test fungi. 


Table 4. — Toxiciti/ of certain copyer- or zmcTime-arsenic mixtures to 6 isolates 

of Ventitria inaequalis 


i 


Formulas at reference coneentrationsJ 
in grams per 100 cubic eentimetera 


Criteria 


A3-_ ^ 

.A+monocalciiim, arsenite, 0.5. . 

A+dicalciiim arsenite, 0.5 

A+tricaleiiim arsenite, 0.5 

A+dicalcium arsenate, l.f) 

A+triealeium, arsenate, 1.0, 

B A-..-.-,-. 

B+tricalciiira arsenite, 0.o_ .. . . 


I [Growth 

I *1 Death 

if Growth 

h Death ... 

I [Growth . .. 

!l Death 

i [Growth 

i'i Death 

I [Growth-. 

h Death - 

if Growth 

il Death 

I [Growth, 

it Death - 

ifOrowth 

riDeath.— 


1 Critical concentrations i ^ of reference formulas 

1 for isolate — 

1 15 

17 

1 

,22 

24 ■ 

30 

Percent 

Percent 

1 

Percent \ 

Percent 

Percent 

Percent 

20 

10 

10 

20 

20 

20 

>100 i 

100 

>100 : 

>1(K1 

>100 

! >100 

5 

5 

5 

5 

5 

5 

10 

10 

10 

10 

10 

10 

; 5 

5 

5 

5 

5 

5 

10 

10 

>10 I 

>10 

>10 

>10 

5 

5 

5 ^ 

5 

' 5 i 

5 

10 

>10 

10 

>10 

>10; 1 

>10 

5 

5 


10 



>100 i 

>100 


>100 



10 

5 


10 



100 

100 


100 



20 

100 

20 

5 

, 20 

100 

>100 

>100 

>100 

>100 : 

100 


5 

5 

5 

5 

' 5 

5 

10 

>10 

■■ >10 

>10 : 

>10 

,, >10 


i Tile formulas are listed at reference concentrations, such as were used in spraying experiments, aru! tlie 
critical concentrations shown are expressed in percentages of these reference formulas. 

3 See footnote 1, table 1. 

s A=the copper-lime component: CuSOi.SHaO, 0.75 gram, plus calcium oxide, 0.5 gram, per ItH) cubic 
centimeters. 

<B=t.he zinc-lime component: ZnSO^OHaO, 0.75 gram, plus caleium oxide, 0.5 gram, per 100 cuble 
centimeters. 

:^!)SS3~3T 



446 


Journal of Agricultural Besearch 


Vol. 55, no. 6 


When the copper-liiiie or copper-lime-arseiiic mixtures were used 
the rcuictioii was favorable for growth of all the test organisms, except 
when the aiiioiiiit required to kill approached 100 percent of the refer- 
ence foriiiiilas. For example, the copper-sulphate-linie-nionocalcium 
arsenite preparation killed all the test fungi at or below 20 percent 
of its reference formula (table 3), and at the 20-percent concentration 
had an initial pH value of approximately 8.1. However, mixtures 
containing some of the less toxic arsenites did not kill until the con- 
centratioii approached 100 percent of the reference formulae. At the 
reference coiiceiitrations the media had reactions in the range of ^ pH 
0 to 10. 

RELATION OF THE TOXICITY OP CERTAIN COPPER-LIME-ARSENITE MIXTURES TO 
THE SUMMATION OF THE TOXICITIES OP THEIR SEPARATE INGREDIENTS 

The materials used for making certain copper-lime-arsenite mix- 
tures were studied separately and in the mixtures at reference concen- 
trations suitable for compaiing the sunimation of the indicated tox- 
icities of the separate ingredients of a given preparation with that of 
the mixture (table 5). Since the copper-linie-monocalcium arsenite 
mixture was the most toxic material used, killing the test organism, 
Phgsalospora obtusa, at 5 percent of its reference concentration, its 
toxicity was given a value of 100 and made the standard from which 
to compute the relative toxicities of the other materials (5~J-lethal 
concentration of the given material X 100). 


Table 5. — Increased toxicity of certain copper Aime-arsenite mixtures to Physalo^ 
spora ohtusa as compared with the summation of the toxicities of their separate 

ingredients 


Formulas or separate i.ngred!- 
enls at reference concentra- 
tions* in grams per 100 
cubic centimeters 

Concen- 
tration * 
required 
to kill 

Relative 
toxicity 2 

Formulas or separate ingredi- 
ents at reference concentra- 
tions * in grams per 100 
cubic centimeters 

Concen- 
tration * 
required 
to kiU 

Relative 
toxicity 2 

Copi>er sulphate. U.75 ...: 

Caldimi oxide, 0.5 

AA--. ^ - 

Percent 

SO 

100 

1 «J 

8 

5 

100 

m 

6.2 
5.0 
5.0 
62. 5 

mo 

5.0 

25.0 

Iron arsenite, 0.5 

A+iron arsenite, 0.5_ 

Zinc arsenite. 1.0 - 

Percent 

100 

20 

150 1 
40 
100 
10 

5.0 

25. 0 
3.3 

12.4 
5. 0 

50.0 

Monocalcium arsenite, 0,5 

A -r monocalcium arsenite., O.S. 

Copper arsenite, 0.5. 

A4-eopper arsenite, 0.5 

A+zinc arsenite, 1.0 

Paris green, 1.0 

A+Paris green, 1.0 


^ The formulas or separaie iBgredients are listed at reference concentrations, such as were used in. spraying 
experiments, and the critical concentrations shown are expired in iwrcentages of these reference formulas. 

Relative toxicity=5~-kiliing .concentration ,X lOO (see text). 

^ A’=the copper-lime eompcment: GU.SO 4 - SHaO, O.To gram, plus calcium oxide, 0..5, per 100 cubic centi- 
meters. 

The results presented in table 5 show that each of the copper-lime- 
arsenite mixtures tested in this experiment, except the one containing 
zinc arsenite, had a greater toxicity than would be indicated by adding 
the toxic values of the ingredients that entered into its composition. 
Copper sulphate, calcium oxide, and monocalcium arsenite, used sep- 
anijelyq liad relative toxicities of 6.2, 5,. and 62.5, respectively, a total 
of 73. 7, pis com partnl with a value of. 100 when these same materials 
were mixed. The zinc, copper, and iron arsenite mixtures showed 
similar increases in toxicity over, the summation of the' toxicities of 
the separate ingredients. Figure,?. ..show^s the very meager growth 



Sept. 15, 1937 


Toxicity of Oopper-Lime-Arsenic Mixtures 


447 


made bj Physalospora obtusa when the copper-lime component and 
the zinc arsenite were mixed (A)^ as compared with a much increased 
growth when they were used separately {B, C), Paris green, used 
alone, had a relative toxicity of 5, which added to 6.2 for the copper 
sulphate and 5 for the lime makes a total of 16.2, against a value of 
50 when the materials were mixed. If the relative toxicity of the 
mixture of the copper sulphate and lime, 5, is taken instead of the 



riGUEE 2.— Comparative toxicity to Physalospora obtusa of a copper-Iime-arsenite mixture and its copper, 
lime, and arsenical ingredients, respectively: A, Copper sulphate 0.015 percent plus lime 0.01 percent plus 
zinc arsenite 0.01 percent; B, copper sulphate 0.015 percent plus lime 0.01 percent; O, zinc arsenite 0.01 
percent. 

relative toxicities of its separate ingredients, 6.2 and 5, the increased 
toxicity of the copper-lime-arsenite mixtmns over the summation of 
the toxicities of their ingredients is still more notable. 

The amount of increased toxicity of the copper-lime-arsenite mix- 
ture over that of its separate ingredients varies greatly with the test 



Figuee 3.“-Increased toxicity of a copper sulphate-liiiie>m.ono-calcium arsenite mixture over the summa" 
tion of the toxicities of its copper, lime, and ansenical ingredients. The data that apply to more than one 
test organism, are averaged. The composition of the copper“lun.e‘arsenite mixture and the method of 
computing the relative toxieitii^ are shown in table 5. 


fungi, as shown in figure 3. Physalospora oUusa, the test organism in 
the experiment discussed in the preceding paragraph, being quite 
sensitive, is killed by relatively small amounts of calcium arsenite. 
Even so, it showed an increased toxicity of the mixture over the sum- 
mation of the toxicities of the ingredients, amounting to more than 50 
percent., .With Yerdwria inasqualisj V,. pyrinaj Elsmoe ■■mnday/mid 
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Ghmerdla cmgtdaiaj whicli can ■ tolerate higher concentrations of the 
separate* ingredients, the copper-linie-arsenite mixture had a toxicity 
66 percent greater than the added toxicities of the copper, lime, and 
the moiiocalciiim arsenite ingredients. With Cladospormm carpo- 
pliUuTfi and Phyllostieta solitaria only a slight increase in toxicity of 
the mixture oyer the added toxicities of its ingredients was indicated; 
witli ScleroiiniaJrmticoM^ none. In the last case the sum of the indi- 
cated toxic Tallies of the separate ingredients was 103. However, 
this was because the lethal concentration of the copper-lime component 
was not determined (table 3), the 100-percent concentration being 
treated in the computation as if it were lethal. Since only Venturia 
inmqiialis and Phyllostieta solitaria were actually killed by the copper- 
lime component, the increased toxicity of the mixture to the other 
test fungi is really' greater than that shown in figure 3. 

CO.MPAEATIVE EFFECTIVENESS OF COPPER-LIME-ARSENIC MIXTURES AND OF 
THEIR SEPARATE INGREDIENTS IN SUPPRESSING FUNGAL DEVELOPMENT IN THE 
VICINITY OF THEIR SOLID RESIDUES 

Eesiilts of the foregoing experiments and work reported elsewhere 
(p) indicate that copper-lime-arsenic preparations contain or liberate 
soluble materials capable of exercising fungicidal action at greater or 
less distance from their solid residues. The following limited studies 
were iiiidertaken to gain some further evidence regarding the com- 
parative efi'eetiveiiess of^ certain copper-lime-arsenic mixtures and 
of their separate ingredients in suppressing the development of a 
test fimgus ill tlie siirroimding medium by means of diffused toxic 
materials. 

The medium used was made of agar, 17 grams; Trommer^s malt 
extraet, p grams; and water, 1,000 cubic centimeters; adjusted to pH 7. 
The toxic materials tested ymre chosen from dusts prepared for seed- 
treatment experinients, which will be reported elsewhere. One part 
by weight of eaeli dust material was mixed with 3 parts of the agar 
medium, and the resulting suspension was allowed to solidify into a 
slab of standard thickness after thorough agitation to facilitate uni- 
formity of tlistribiition of the test substance. Disks of the toxic 
agar suspension 5 millimeters in diameter were placed in Petri plates 
containing imiform amounts of the malt agar, which had been seeded 
by a standardized procedure with comdia of the test fimgus, Gii- 
herella saubnietH (Jvlont.) Sacc. The disks were inserted in the num- 
ber and positions showm in figure 4, just before the agar solidified. In 
control plates no toxic disks were inserted. After incubation for 4 
days at 20^ C., the plates showed a uniform development of the fungus, 
pcept in areas about the disks, where it had been killed or inhibited 
by the diffused toxic materials. The size of the clear areas about., the 
disks is, tlierelore, an approximate index of the comparative efficiency 
of the test materials under the experimental conditions. Illustrative 
results are shown in figure 4. The fungus grew over the .entire sur- 
face of the control plates (A), It grewiip to the edge of .the copper- 
liiiie disks, ^ though it was distinctly inhibited in a nanw zone (B). 
Zinc arsenite was lethal through a comparatively narrow zone (O, 
Willie mmioeahiiim amenite wm lethal through a zone about twice .as, 
wide iP), Th«^ copper-lime-arsenic preparations w^ere effective 
t iroiigh a siihstaiitially wider zone than were the arsenical materials 
tliut, respectively, entered into their composition {E^ i^. Attention 
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Figi'Re 4.— Comparative etTeetiveness of certain coppsr-iime-arsenic mixtures and of tMr separate ingredi- 
ents in suppressing tlie development of GibbereUu saiiSindii in a malt-agar medium by means of diffused 
toxic materials: A, Control; B, copper-lime mixture . Copper sulphate, 1 percent,' lime, M percent); C, 
zinc arsenite; D, monocalcium arsenite; eopper-lime-arsenic mixture (copper sulphate, 1 percent, lime, 
H percent, monoealcium arsenite, H percent); F, copper-lime-arsenic mixture (copper sulphate, 1 per- 
cent, lime, H percent, monocalcium arsenite, H percent). The mixtures vere prepared as for spraying, 
filtered, dried, and ground. (See text.) 
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is invited to the fact that in these experiments the several test ma- 
terials were compared in equal amoimts by weighty rather than in 
the proportions in which they were used in the mixtures. 

In similar experiments the initial reaction of the medium was varied. 
The copper-lime- arsenic preparations used were capable of exerting a 
substantial toxic action by means of materials that diffused from the 
solid residues into the surrounding medium, whether its initial reaction 
was alkaline, neutral, or acid. Similar toxic action by the copper- 
lime ingredient was much less at all reactions tried, being practically 
nil in the alkaline range, slight at neutrahty, and somewhat increased 
in the acid range. 

The propertie’s just discussed account in part for the high eradicant 
effectiveness of copper-lime-arsenic mixtmes against fungal fruiting 
structures, and suggest possible adaptations of these materials for 
combating seed- or soil-borne pathogens. 

DISCUSSION 

The literature on the toxicity and fungicidal use of arsenical com- 
pounds and copper-lime-arsenic mixtures has been surveyed by Keitt 
and Palmiter (5). 

In confirmation of the conclusions of Keitt and Palmiter (5), the 
results of the toximetric experiments reported herein show that suita- 
ble copper-lime-arsenic mixtures have powerful fimgicidal properties, 
and that their toxicity can be varied through a wide range by modifi- 
cations of formula. A striking feature of these studies is the high 
and comparatively uniform toxicity of certain copper-lime-arsenic 
mixtures to all the test fungi used. 

The fact that the toxicity of the copper-lime-arsenite mixtures 
studied was usually greater than the summation of the toxicities of 
their separate ingredients is of interest, both in relation to their 
superior fungicidal effectiveness in spraying experiments {a) and for 
theoretical considerations. The reasons for this increased toxicity of 
the mixtures have not been investigated. It is noteworthy, however, 
that these mixtures contain both a toxic anion and a toxic cation. 
Furthermore, there are manifold possibilities of changes in toxicity 
incident to chemical reactions and physiochemical changes in such 
complex preparations. 

The ability^ of suitable copper-lime-arsenic mixtures to liberate 
soluble materials capable of diffusing through an acid, neutral, or 
alkaline medium and exercising fungicidal action at considerable 
distances from the imdissolved residues is an important factor in 
their effectiveness as fungicides {5), 

SUMMARY 

The toxicity of certain copper-lime-arsenic mixtures and of their 
separate ingredients was studied by a modification of the method of 
Schmitz et al., using as test organisms Venturia inaegualis; V, pyrina, 
Ctadospori um carpopMlnm, Phyllosticta soUiaria^ . Elsmoe : veneta, 
GlomereUa Physalospora abtmaf and Sclerotinia frudicola. 

Suitable copper-lime-arsenic mixtares were highly toxic to aU the 
test fungi. The toxicity of such mixtures could , be varied' through 
a wide range by modifications of ■ formula. 
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Copper suipliate-lime mixtures had relatively low toxicit}^ 

The toxicity of the arsenical compounds tested varied throiigli a 
wide range. Moiiocalcium arsenite was the most toxicj usually being 
from 3 to more than 10 times as toxic as copper sulphate, depending 
on the test fungus used. Tricalcium arsenite was slightly less toxic. 
Zinc and iron arsenites were comparatively low in toxicity, while paris 
green and copper arsenite were intermediate. Tricalcium arsenate 
was the least toxic arsenical compound tested, and dicalcium arsenate 
was only slightly more toxic. 

Six monoconidial isolates of Venturia inaeqmlis showed about as 
much variation in reaction to copper sulphate and certain arsenites, 
respectively, as did species of sm other genera.^ 

The toxicity of the copper-lime-arsenite mixtures studied usually 
exceeded the summation of the toxicities of their separate ingredients. 

It is shown in tests mth Gibberella satibinetii that suitable copper- 
lime-arsenic mixtures liberate soluble materials capable of diffusing 
through an acid, neutral, or alkaline medium and exercising fungicidal 
action at considerable distances from the undissolved residues. 
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RESTORATION OF VIRULENCE OF ATTENUATED CURLY 
TOP VIRUS BY PASSAGE THROUGH SUSCEPTIBLE 
PLANTS^ 

By C. F. Lackey - 

Assistant, pathologist, Division of Sugar Plant Investigations, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

The sugar-beet curly top virus, after passage through Chenopodmm 
7rmrale L., was shown by Carsner ^ to produce mild effects when sub- 
sequently inoculated into sugar-beet plants. This indicated change 
enough to warrant the designation “attenuated virus. The writer 
has shown that other plants may function similarly ^ and that virulent 
curly top virus, after it has been attenuated by passage through 
C. muraley may be restored to its original condition of virulence, or 
nearly so, b}^ a single passage through chickweed, Stellaria media 
(L.) ‘Cyr.^ 

In nature, restoration of virulence by passage through Stellaria 
media probably does not play an economic role, since this plant is 
common only in moist, shady locations, unfavorable to the curly top 
vector, E-uMtix tendkis (Baker). If, however, sugar beets in a very 
susceptible stage or some of the important weed hosts of the beet 
leafliopper known to be susceptible to cmiy top were found to act in 
a manner similar to that of S. media in restoration of virulence to 
attenuated virus, the findings might have a bearing on the curly top 
situation. Work was undertaken on sugar beets in the seedling stage 
and on alfileria, Erodium cicutarium (L.) L’Her., a host plant occur- 
ring in considerable abundance in many leaf hopper breeding areas. 
Later, peppergrass, Lepidiufn niiidum Nutt., which is also an im- 
portant host, was tested. These plants were known to be highly 
susceptible to vhulent curly top virus. In the case of alfileria, it is 
knovm that the curly top virus can be carried through the winter on 
this species and it may be a winter and early-spring host plant in 
Galiforma for the beet leafliopper. Severm® includes peppergrass 
as one of the important overwintering annuals for this insect. 

MATERIALS AND METHODS 

The experimental procedure used in the tests has been described." 
The virulent curly top virus was first attenuated by passage through 
Cheriopodmm 7nurale. This attenuated virus was then inoculated by 
means of leafhoppers into the susceptible plant, after which the viru- 

1 Eeceived for publication Feb. 10, 1937; issued Octofc^r 1937, 

2 Acknowledgment is made to Eubanks Carsner and N- J. Giddings, senior pathologists, and G. H. Coons, 
principal pathologist. Division of Sugar Plant Investigations, for their criticisms in the preparation of this 
manuscript, . 

3 Carsner, E. attenuation of the virus of sugar beet curly-top. Phytopathology 15; 17451-757, 
illus. 1926. 

i Lackey, C. F. attenuation of curly-top virus by resistant sugar beets which are symptomless 
carriers. Phytopathology 19: 975-977. 1929. 

s Lackey, C. F. restoration of virulence, of attenuateu' curly-top virus by pa3sag.e throug,h 
STELLA.RL1 media. Jout, Agt. .Kosearch M: 765-765, illus. 1932.' 

Severin,. H, H, P. weed host range and overwintering of curly-top, virus. Hilgardia 8: 263- 
280. .illus. 1934. 

5' Lackey, C. F. See footnote 5. 
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Iciice of tiie Tims was determined by transmission to young, fast- 
growing sugar beets in tlie two- to four-leaf ^stage. As a control in 
each test, inoculations were made with the viriilent virus before and 
after its passage tliroiigli C. mtirale. 

In the first} experiments with alfileria, the type of symptoms was 
described as mild or severe as in the work reported for Stellaria Tnedia ? 



Figure L— Ciirly top-infected beets showing range of severity of symptoms: Mild, grade 2; inter- 
mediate, grade 3; C, more se?ere, grade 4; and D, extreme dwarfing, grade 5. (Grade 1, mild response char- 
acierised by veinM eli^ring only, not iflnstrated.) 


In later experiments a grading system to express severity of the 
symptoms on test plants as developed by Giddings ® was adopted. 
The affected plants v^ere classified in five grades based on response, 

as follows: 

(1) Mild resjmnse, — Ho stunting or dwarfing; veinlet clearing or slight vein 
enlargement only visible symptoms. 

p) Mild rmpome. — Little or no dwarfing; veinlets cleared,, vein roughening and. 
vein protuberances on some leaves,, and leaves sometimes curled (fig. 1,' A). 

(3) Intermediate respame. — ^Spme dwarfing and stunting, practically all .leaves 
involved; leaves somewhat curled, vein roughen.in.g on nearly all leaves (fig. 1, B). 

? Lackey, C.F. footnote 5. 

® GiPMNGS, N. J- a greenhouse METHOP FOS TESIHNO B.ESISrANCl TO CUELY TOP' IN SUGAR BEETS. 
Phytopathology^?; 773-779, illus. 1937. 
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(4) More severe reaction . — Dwarfing severe, leaves markedly ciiriy or distorted, 
veins conspicuously distorted and roughened (fig. 1, Cj. 

(5) Extreme dwarfing . — All symptoms of iireceding grade vcr\" pronoiuiced; 
plants nearly killed (fig. 1, D) . 

EXPERIMENTAL TESTS WITH SUGAR BEETS 

Sugar beets (Beta vulgaris L.) in the cotyledon stage, the two- to 
four-leaf stage, and the six- to eight-leaf stage were tested for their 
effect on the attenuated virus from Chenopodimn mural e. The coty- 
ledon beets showed 63.8 percent infection vdth an average severity of 



Figure 2.“~Histograms showing distribution of symptoms in grades of severity in test beets infected with, 
attenuated curly top virus before and after passage through cotylcdon-sizie sugar beets: Attenuated 

virus after passage through cotyledon beets; S, attenuated virus untreated; C, original virulent vims. 
(Numbers above histogra.ins indicate average grade of severity of symptoms for each treatment.) 

2.31; two- to four-leaf beets, 42.2 percent infection with an average 
severity of 1.91; and the six- to eight-leaf beets, 34.0 percent infection 
with: an average severity of 1.34. Twenty-three tests in which two- 
to four-leaf beets w^ere inoculated with the original virulent virus gave 
an average; grade of severity of 4.29 (fig. 2). Table 1 is a summary 
of the Tesuits of 2 years’ trials with these various-sized beets. ' 

The cotyledon beets showing symptoms severe enough to grade 4 
and 5, comprising 13.4 of those infected, were tested for their effect: 
on the attenuated virus. Tt is' evident (table 2) that .some degree of 
restoration was obtained by passage through cotyledon beets. In the 
course of these tests with sugar beets, tw''o cases occuiTed in which 
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some iiiere.ji.s(‘ of viriilence resulted from passa.ge. of the vims tlirougii. 
sumir fleets in the two-leaf stage. Beets witli. six to oigiit leawes did 
not the vimlence of the atteiiiia.ted vims. Ta,ble ^2 vsuiii- 

iiiarizc\s tlu‘ results of these experiments,, which are presented in more 
detail in the histograms in figm*e 2. ^ 

As an additional measure of the effect of passmg^ the attenuated 
virus through cotyledon beets, the infected test beets in several exper- 
iments were weighed 8 to 10 weeks after inoculation. The beets 
inoculated with the attenuated virus averaged 15.16 g, green weight; 
while those inoculated with the restored virus averaged 7.87 g. 


Table 1. — Summary of all experiments in lehich sugar beets in the cotyledon stage 
and those in ihe''^-^to 8~leaf stages were inoculated with the attenuated virus 


Size of beets whec inoculated 

Beets 

Beets 

Average 
grade of 
severity 

Infected beets in each grade of severity i 

inocu- 

lated 

infected 

1 

2 

3 

4 

5 

i 

Cotyledon stage . . : 

i Number 1 

; 304 

Percent 
63. S 

2. 31 

Percent 

18.0 

Percent 
46. 9 

Percent 
21. 1 

Percent 

10.8 

Percent 

2.6 

2- to 4-Ieaf stage 

1 95 

42.2 1 

1.91 

38. 0 

40. 5 

4. 7 

9. 5 

0 

6- to 8-leaf stage 

1 103 

34.0 i 

1. 34 

68.6 

31.4 

2.9 

1 

0 

0 


1 Percentages based on number of infected beets. 


Table 2. — Restoration of virulence of attenuated virus by passage through cotyledon 

beets 


j 

Treatment of virus used ; 

Experi- 

ments 

Test ; 
plants 
inocu- 
lated i 

Test 

plants 

infected 

Average 
grade of 
severity 

Pass,efi throug.h cotyledon beets 

Not passed through cotyledon beets - ' 

I Number 
\ 32 

' 25 

Number 
500 
235 i 

Percent 

73 

59 

1 3.23±0.11 
1. 91d= , 10 


EXPERIMENTAL TESTS WITH ERODIUM CICUTARIUM (ALFILERIA) 

Evidence from the first experiments indicating that passage of the 
attenuated virus tbroiigh alfileria may restore the virulence is shown 
in table 3, All cases in which some degree of restoration was obtained 
are included in this resume. From the data given in table 3, it is clear 
that after a single passage attenuated virus may be so restored in 
vhulence as to produce severe symptoms on the test beets. These 
results are comparable to those reported for SteUaria media^ in that 
there were many cases in which alfileria did not restore the virulence 
of the attenuated WHS. 


Table ^.-—Eesiilip of passing the attenuated and virulent foimis of curly top virus 

through alfileria 


Treatment and form of virus used 

Beets 

inoculated ^ 

Beets 

infected 

Type of 
symptoms 

passed through altleria: 

Virulent . ■ i 

Number 
' 5 

25 

40 
. ' 52 

i Percent 

60 

8 

■' 60,'^ 

, ,52 

Severe. , . 
Very mild. 

Severe. 

Do. 

Attenuated . i 

Passed through alfileria: ■ ■ ■ ■' 1 

Virulenf;.- ’ 

.Attenuated . ' 



3 3 to 6 leafboppers.wereied cm, eadi for 3 to 4 days. 


8Lacs;et, G. F. See footaoto S. 
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Tlie results of later and more extensive experiments are siimiiiarized 
ill table 4. Only 50 percent of the alfiieria plants inoculated with 
attenuated virus showed symptoms of curly top. xiboiit 90 percent 
of these diseased plants were tested for their effect on the attenuated 
virus. Of these j only 20 percent increased the virulence of the virus 
to some degree. Before passage through alfiieria, the attenuated 
virus produced only 32 percent infection on the test beets, with an 
average grade of severity of 1.82, as compared with 63 percent infec- 
tion, with an average grade of 3.23, after passage through aMleria. 
This demonstrates that alfiieria occasionally increases the virulence of 
the attenuated virus. 

Table 4. — 'Restoration of vinilence of ailenuated virus by passage through aljileria 


[Sunimary of experiments eoiulucted at Riverside, Calif., 11*31-34] 


Treatment of virus used 1 

Experi- 

ments 

Test 

plants 

iuoeo- 

lated 

Test 

p!a.nt.s 

infected 

Average 
grade of 
severity 

After passage thiough alfiieria. 

Before passage through alfiieria 


1 Number \ 

\ ^ ' 

-io 

Number 
1,574 ■ 
S40 ; 

Percent 

63 

32 

3.23±tJ.09 
1.82± .06 


In 17 of these experiments test beets were inoculated with the 
original virulent virus. The average grade of severity of s 3 miptoms 
produced by this virus was 4.22 (fig. 3). 

The histograms in figure 3 show what^percentage of the infected 
test beets fell into each grade of severity. The test beets infected 
with the attenuated virus after passage through alfiieria shovred 
symptoms that placed a majority of them in grades 3 and 4 and a 
few in grade 5. Figures 4 and 5 show this variation in degree of 
severity of symptoms expressed by the attenuated virus after restora- 
tion. bn tlie other liand, the attenuated virus before treatment 
produced symptoms wliich in the greatest number of cases graded 
1 and 2. Wliile most of the test beets inoculated with the original 
virulent virus showed symptoms grading 4 and 5, some of these plants 
exhibited symptoms mild enough to put them in grade 1, 2, or 3. As 
shown in studies on restoration through Stellaria the appear- 

ance of mild s 3 "mptoms on some of the test beets that had been inocu- 
lated with the restored virus or with the original virulent virus appears 
to be an inclividiial plant response in some instances. An apparently 
comparable situation sometimes' develops in the case of affileria, 
as illustrated in figure 5. Transferring virus irom such mildly affectecl 
plants to test beets resulted in severe symptoms in the majority of cases. 

EXPERIMENTAL TESTS WITH LEPIDIUM NITIDUM' (PEPPERGRASS) 

ThC' attenuated virus used in the test with Lepidmm ndidum 
was from two sources. The fimt lot had been attenuated by passage' 
through Chenopodmm mwrafe, as in all the previously mentioned 
euxperiments; 011 / restoration. The second' lot was obtained from leaf- 
hoppers collected in tlie field from natural breeding areas. Only 40 
percent of the £. mtldum plants inoculated with the attenuated virus 
became diseased, and 70 percent of. these infected plants mcrease.d the 
virulence of the virus. The histograms in figure f) show the results 
of these tests. The attenuated-, -virus harbored l)y field collections 

J'oyACKEr, C. F,.; ,See-footpotf 
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Figuee 5. — Symptoms produced by the restored and the untreated attenuated virus on test beets: Pot 
by attenuated virus before passage through alfileria; pot B, by the same virus after passage through 
alfileria, showing variation in individual plant response to infection. 



Figuke 6 . -—Histograms showing distribution of symptoms in the different grades of severit 3 ’' on test beets 
_ infected with the attenuated virus before and after passage through Lepidium nitidum: A, Attenuated 
^ virus from held collection of insects, passed throngh Lepidium nitidum; B, attenuated virus, from field 
collection, untreated; C, attenuated virus, from Chenopodium mmale, passed through Lepidium nitidum: 
D, attenuated virus, from O. murale, untreated. (Numbem above histograms indicate average grades of 
severity.) ' 
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of leafiiopi 3 ers. with an average grade of 2.19, was not attenuated so 
muoii as the virus that passed through C. murale, with an average 
grade of 1.81. It would appear at first glance at the histograms that 
the attenuated virus from the field leafhoppers was restored to a 
greater degree, but it showed an increase in the average grade of 
severity of only 1.20 grade points while the attenuated virus from 
C. murale showed an increase of 1.36 grade points. The reaction to 
passage through peppergrass by the attenuated virus from the two 
sources is therefoi-e very similar. Table _ 5 summarizes all the tests 
made with these two lots of attenuated virus. The average grade of 
severity before and after treatment is practically the same as that in 
the restoration tests with alfileria. 


Table 5. — ■Restoration of idndence of atiermaied virus by passage through Le/pidium 

nitidum, 


Treatment of virus used 

Esi>eri- 

ments 

Test 

plants in- 
oculated 

Test 

Iflants in- 
f.ected 

Average 
grade of 
severity 

•Vfter passace LfpldiuM nitiduni 

Wumher 
13 I 
11 

Number 
135 
85 , 

Percent 
84.51 
69. 41 

3. 26±Q. 27 
2. lOdb . 50 

Before passage through Lepidium nitMum — 


DISCUSSION 

The economic bearing of the studies with wild hosts on the curly 
top problem will require further investigation in the field. However, 
the experimental evidence with ^mimg sugar beets suggests that an 
increase in the virulence of the virus may occur under field con- 
ditions also. 

Observations on alfileria indicated that virulence restoration, 
occurred most frec|uently in plants that were growing rapidly. To 
test the correctness of this idea, plants of difinrent ages were fertilized 
with nitrogen (aminoiiium sulphate) 10 days before inoculation. 
When very young alfileria plants or those given extra nitrogen were 
used, a greater nuinber became severely diseased and restored the 
viiTis, Similarly^ inoculation with eight leafhoppers resulted in more 
cases of severe infection and consequently more plants producing 
restoration than when inoculations were made with two leafhoppers. 
None of these various procedures had any pronounced effect on the 
<legree of restoration attained.- 

SUMMARY 

Virulent curly top vims, attenuated by passage through Cfieno- 
podium murale y lias been occasionally restored in virulence by passage 
through cotyledon-sized sugar beets^ 

^The appearance of miJd symptoms on a few test beets inoculated 
with restored virus ^ or with the original virulent virus seems in som-e 
cases to be an individual plant response/ since virus from some, of 
these beets produces severe symptoms on the majority of young test 
beets_^to which it is transferre'd, ■ ... ' ■ “ 

Alfilerja^(/tm//tf-w ekuiarhim) and peppergrass (Lejddium nitlduni) 
also ofcasi(malIy restore the virulence, of the attenuated curly top 
virus. Tlicse plants are important oveiwintering hosts, for both the 
leafhopper vector and the virus. . 

Tbe probable economic aspect of these investigations is suggesteef?* 



BIOLOGICAL VALUE OF CASEIN AS A SUPPLEMENT TO, 
THE PROTEINS OF BARLEY IN RATIONS FOR PIGS ' 

B 3 ’ E. H. Hughes 

Ardmal hushandmayii California Agricultural Experiment Station 

INTRODUCTION 

It Las been sliowii at the California Agricultural Experiment 
Station by Thompson and Yoorlhes (7)- and ^ by Hughes (^) that 
barley^ when fed as the only source of protein, does not produce 
optiniuiii growth in pigs. Protein-rich concentrates like fish meal and 
tankage or daily byproducts when used as supplements to barley, 
produce more rapid growth. Such concentrates, however, contain 
other niitrients than protein, wdiich makes it unsafe to conclude that 
the protein is responsible for the results obtained. Casein, since it 
has been used by biologists in similar studies with smaller animals 
than the pig, and since it is relatively low' in cost, was used as a 
supplement in the studies reported here to detexmine whether or not 
the proteins of barley are present in amounts necessary for the rapid 
development of the pig. 

EXPERIMENTAL DATA 

In June 1929 two pigs about 50 pounds in weight, having free access 
to dhect sunlight, were put on a diet of rolled barley, salt, and cod- 
liver oil. They giw very slowly and became stiff in the joints. 
Early in January of the following year calcium carbonate was added 
to the diet. At 1 year of age the pigs weighed only 162 pounds. 
It w’-as believed that the diet was sufficient in all knowm factors for 
some growib, but the pigs had not gained in weight for some time. 
The only protein in the ration was that of barley. Casein wms added 
to the diet and an immediate response wms manifested by increase in 
w^eight, thrift, and appetite. During the following 3 months the 
pigs made an average daily gain of slightly more than 1 pound and 
became normal in health. 

The results of tliis experiment were significant, but the number of 
aiiinials used was too small to make possible any definite conclusions; 
therefore, a similar experiment on a larger scale was conducted in 
1931-32. Two groups of eight pigs each w^ere divided as nearly as 
possible into comparable lots. Each group was placed in a concrete 
lot with free access to direct sunlight, and the pigs were fed all they 
would consume of the following diets: 

Group L Rolled barley, 98 percent; sodium cliloride, 1 percent; calcium car- 
bonate, 1 percent; and 5 cc of cod-liver oil each daily (basal diet). 

Group 2. Rolled barley, 96,5 percent; sodium chloride, 1 percent; calcium car- 
bonate, 1 'percent; casein, 1.5 percent; .and 5 cc of cod-liver oil each daily. ■ 

The results of this experiment are summarized in table !.■ 

1 Eeceived for publication Mar. §, 1937; issued Octo-ber 1937. 

2 Reference is made by number Citalic).to Literature Cited* p.,465. 
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The average begiiiiimg and final weights were, for group 1, 23.3 
and 94.6 pounds; and for ^ group 2, 25.0 and 203.8 pounds. During 
the first part of the experiment the pigs fed casein (group 2) gained 
three tiiiies as fast and were more ^economical in their use of food 
tliaii were the pigs fed protein supplied only by the barley (group 1). 
Each pound of casein fed to the animals in group 2 had a replacement 
value of 49.5 pounds of the basal feed. When casein was added to 
the diet of group 1, at both the 1.5- and 5-percent levels, there was an 
iiiiiiiediate response in mcreased appetite, rate of gain, and economy 
of feed u tilizatioii. The pigs did not gain as rapidly at either level 
as the pigs in group 2; however, they did consume less food for a 
unit of iiicreasef It is postulated that this was due to a lower main- 
teiiance reqiiireiiient because of a marked difference in the size of the 
p%s ill. botli lots. When the casein level was mcreased to 5 percent 
the aainials in both groups gained more rapidly and consumed less 
food for lOO pounds of gain than at any other time during the progress 
of the experiment, the protein level bemg apparently more nearly 
optimum for pigs at this stage of growth and development. The rate 
of gain in bo tir groups was pist about twice as rapid as when casein 
was feci at the L5-percent level. 

Tab IE 1. — Summary of data from the second and third experiments to show the effect 
of adding casein to the basal diet of pigs when the sole ether source of protein ivas 

barkij 

SECOND EXPERIMENT ■ 


Groiii) 1 j Group 2 


Feeding iwiod and diet 

Average 
daily gain 

Feed con- 
sumed per 
100 pounds 
gain in 
weight 

Average 
daily gain j 

! 

Feed con- 
sumed per 
100 pounds 
gain in 
weight 

Xlay Zito Dec. 1% IS-U (group 1, basal diet: group 2, 

! Pounds 1 

Pounds 

^ Pounds i 

Pounds 

1.5 per«*nt easein added) 

! 0. 16 

1 886. 7 

0.50 

508. 9 

Dec. 12, IMl, to Jau. 23, 1932 (both groups, basal diet 
pins 1.5 perrant «»sem) 

.39 

I 

! 493.9 

.77 

529. 9 

Jan. 23 ten Fet). 13. 1S32 (both groups, basal diet plus 

S percent casein) ■ 

.88 

! 310. 0 

1.45 ' 

339. 3 

Feb, IStc Mar, ,% 1932 (both groups fed 'basal diet only) - . 

1 .14 

2, 265. 0 

.74 

711. 3 

THIRD EXPERIMENT S 




Xlay 12t€3 Get, 6, 1§34 (group 1, basal diet; group 2, 1.5 
percent casein added ) ^ 

.36 1 

577.6 

.62 

431. 8 

Ort. 6, 1&34, to Jaa. 10, 1935 (both groups, basal diet plus 
15 pen^at casein) - 

1.20 

3 445.1 

1. 37 

438. 9 


^ Groups of S pigs ©Mh. 
s Gwups of 10 pigs ©aeh. 

3 Ouepig was “off feed" for some time and died the day the experiment closed. 


Wkile the last period was only a short one, the results are signifi- 
cant because of the immediate decrease in daily gain by both 
groups and the large increase in food consumption required for a unit 
of increase in weight. The pi^ in group 1 reverted to their original 
rate of gain, and while the pigs in group 2 were much larger and w^ere 
fattening, their rate of increase dropped from 1.45 to 0.74 pounds per 
head daily. 

A tMrd experiment was conducted in 1934 to further check the^ 
results already obtained. This experiment was begun May 12, 1934, 
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and eondiided Janiiaiy 10, 1935. Two groups of 10 pigs eacB were 
fed diets similar to those previously used. The average beginning 
weight for both groups was 29.6 pounds. The conditions of the ex- 
periment, including the grouping of the pigs and the size of the pens, 
were the same as before. To be sure that a lack of Aitamin A Avouid 
not influence the results, each pig in both groups Avas giA^en 5 cc of 
cod-hAw oil daily until July 21, and from that time until the experi- 
ment AAuis concluded each AAurs giAmn 10 cc. The results are presented 
in table 1, 

In this experiment the pigs Avere larger and thriftier at the begin- 
ning than those of the second experiment and were not fed so long in 
the first period, Avliich may in part account for the difference in the 
rate of gain and the replacement Amlue of the protein AA-hen the results 
are compared Avith those of the second experiment. Each pound of 
casein fed group 2 had a replacement Amine of 22.5 pounds in terms of 
food saAmd over that fed group 1. During the second phase of this 
experiment the pigs in both groups gained more rapidly than in the 
first period, which is in agreement AAuth the results of the other experi- 
ments. While in some details the resets of this test differed slightly 
from those of the preceding one, in principle they were the same. 

In 1936 a fourth experiment Avms concluded Avhich differed some- 
what from those already reported. Osborne and Mendel (3) had 
reasoned that the failure of cereal proteins as they are generally fed 
is due to a lack of sufficient total cereal protein. In an effort to proAm 
or disprove this theory and to obtain further information on the orig- 
inal subject, barley proteins fed group 1 were increased to a point in 
excess of that fed group 2, which receiAnd barley and casein. This 
Avas done by adding dried brewers’ grains from wliich some of the 
hulls had been remoAnd (the material remoAmd was a mixture of hulls 
and some grain). Since the addition of dried brewers’ grains to the 
diet of group 1 increased the fiber content, barley hulls were added to 
the mixture fed group 2 to make it comparable in this respect. The 
total crude protem fed groups 1 and 2 was respectively 11.12 and 10.42 
percent. The fiber content of the ration fed to group 1 was 1 percent 
higher than that of the ration fed group 2. It is probable, however, 
that there Avas little difference in the amount of fiber constimed by the 
pigs in the tAvo groups since those of group 1 left considerable quan- 
tities of hulls in the bottom of their feeder. 

Since commercial casein contains lactofiaAun, and the results of other 
experiments with hogs at this station (unpublished data had indi- 
cated that this factor is necessary for normal growth, it was deemed 
expedient to feed a third group of pigs casein AA^ashed free of this factor. 
The casern Avas Avashed by the method of Evans, Lepkovsky, and Murphy 
(1), modified by that of Supplee, Flanigan, Hanford, and Ansbacher {6% 

The crude protein and fiber content of the diets fed groups 2 and 
3 were. the same. 

The diets were: 

Group 1, Rolled barley, 88 percent; brewers’ grains (dried), 10 percent; sodium 
chloride,! percent;, calcium carbonate, 1 '.percent; and 10 cc of ..cod-liA^er oil each 
weekly. , ■ 

Group 2. Rolled barley., 91 percent; barley hulls, 5 percent; casein, 1.5 per- 
cent; sodium chioride, 1 percent; calcium carbonate, 1.5 percent; and 10 cc of 
cod-liver oil each weekly. 

Group 3. The same as for group 2 except that the casein fed was washed free of 
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The pliysical conditions of this experiment, including the grouping 
of the pigs and the size of the pens, were comparable to those of the 
other experiments. The experiment was begun June 6 and concluded 
October 31, 1936. There were eight pigs m gi'oups 1 and 2 and five 

pigs in group 3. 

Table 2. — Suinmafy of data from the fourth experiinent to show the effect of adding 
commercial casein arid casein washed free of lactoilavin to the basal diet of ptgs 
when the sole other source of protein was barley 

[Experiment begun June 6 and concluded Oct. 31, 1936; S pigs in groups 1 and 2 and 5 in group 3] 


* Average 
: i initial 

1 weight 

Average 
daily gain 

i Feed con- 
sumed per 
100 pounds 
gain in 
weight 

i Pounds 

Pounds 

Pounds i 

1 ! 39. 3 

0.61 

i 383.0 

1 2 8S.8 

1.12 

' 320.4 

3 1 34. 4 

1 .57 

i 423. 7 


In this experiment as in the others the pigs fed casein (group 2) 
gained much faster and consumed less feed for 100 pounds of gain than 
those (group 1) fed only barley proteins, even though the total protein 
in the diet of group 1 was greater than that of group 2. In tliis case 
each pound of casein in the diet of group 2 had a replacement value of 
about 13 pounds of the diet fed group 1. However, if the results of 
tiiis experiment are compared with those for animals fed only barley 
as shown in table 1 , it will be found that the additional protein sup- 
plied by brewers' grain did result in increasing the daily gains and in 
decreasing the amount of feed required for 100 pounds of gain. 

The pigs in group 3 (fed casein washed free of lactoflavin) gained 
no faster than the pigs of group 1 and consumed more feed for a unit 
of increase than either of the other groups. 

DISCUSSION 

In the experiments reported herein where the proteins of barley 
were the onl}"^ source of protein for young growing pigs the rate of 
growth wms slow. This agrees with the findmg of Steenbock, Kent, 
and Gross (5) and with that of McCoUum, Simmonds, and Parsons (d). 
Osborne and Mendel (4), how^ever, reported that barley proteins are 
adequate as a whole in the nutrition of growth, and that several of their 
rats grew to^ large adult size without any other source of protein. 
The growth ^ increase in their rats, however, was not consistent. 

The addition of casein to the diet in the present experiments reduced 
considerably the amount of feed required for a unit increase in weight. 
Its value in replacing barley varied; however, 1 pound of casein 
supplanted more than 20 pounds of barley, except in the fourth 
experiment when it replaced about 13 pounds. In this case barley 
proteins were increased by the addition of dried brewers', grains to, 
a point above that of the other group fed barley and casein. .The 
results of these studies indicate that barley is deficient in some essential 
factor or factors necessary for normai growth and weight increase in 
the young pig. . ■ ' 
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That the total amount of protein in barley is ppbably a factor of 
importance is indicated hj the fact that when dried brewers’ grains 
were added to barlej', thereb^^ increasing the total barley proteins 
fedj the gains made were greater and the amounts of feed consumed 
for a unit of gain were smaller than when barley was fed alone. 

Some uncertainty exists as to the reason for the beneficial effect of 
the addition of casein. The quantity of the protein and the lactoflavin 
content of the casein have been considered. Pigs fed unwashed 
commercial casein (group 2, experiment 4) gained- twice as fast as 
pigs fed the same diet at the same time except that casein (from the 
same sack) washed free of lactoflavin was used. 

SUMMARY 

Young growing pigs fed a diet in w^hich the proteins of barley were 
the only source of protein grew very slowly and required large quanti- 
ties of feed for a unit of increase in weight. 

When casein was added to such a diet there resulted a marked in- 
erease in rate of growth and a large reduction in feed required for an 
increase in body substance. 

When the barley proteins in the diet were increased by the addition 
of dried brewers’ grains, the gains were more rapid and the feed con- 
sumed for 100 pounds of gain were less than when only barley was fed. 

The possibility that the lactoflavin in casein is responsible for its 
beDeficial effect when added to barley is suggested. 
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EFFECT OF PROTEIN DEFICIENCY IN THE RATION ON 
THE AMOUNT OF FEED CONSUMED BY LAMBS ^ 

By John I. Miller 

l7istrudor iuM iiimal husbandry ^ New York {Cornell) Agricultural ExperirneM Staiion^ 

INTRODUCTION 

In studies of the nutritive value of proteins in which biological 
values are to be calculated (S) it is necessary to know the losses of 
endogenous and metaholic nitrogen. To measure such losses, the 
experimental animals are fed diets which contain no nitrogen, or 
very little. Since diets of this type are not only deficient in protein, 
but are radically different from ordinary diets, certain difficulties have 
been experienced in using them. 

A serious limitation in the use of most of the nitrogen-free or low- 
nitrogen diets has been the difficulty of obtaining adequate feed 
consumption. With the possible exception of swine, it has been 
found almost impossible to induce experimental animals to consume 
satisfactory amounts of these diets for the desired length of time. 
In most cases when such diets were readily consumed, they contained 
a certain amount of some high-protein feed whicli was added specifically 
to increase the palatability. 

A palatable ration, free from nitrogen or very low in nitrogen, 
has been particularly difficult to devise for lambs. An attempt was 
made at this station (7) to feed lambs a purified diet almost free from 
nitrogen and containing no natural roughage, but the ration was not 
sufficiently palatable to the lambs and its use was discontinued. 
Workers who have used low-nitrogen rations for lambs (4, o, 6j 7, 8) 
have included straw as part of the ration, but even when this was 
done the feed intake on the low-nitrogen rations was decidedly 
smaller than on the experimental rations containing adeciuate protein, 
and in practically all cases the lambs lost in weight. 

The object of the present study was to devise a low-nitrogen ration, 
containing only purified ingredients, which would be consumed readily 
by lambs over a reasonable length of time. Such a ration was desired 
for use in experiments conducted at the Cornell Station on the nutritive 
value of proteins. 

PRELIMINARY TRIALS 

Considerable work has been done at this station in developing 
purified or s^mthetic diets for Herbivora (f, 5). A diet for sheep 
which has given good results over a long period of feeding is as follows: 
Eegenerated cellulose,^ 20 percent; casein, 20 percent; sucrose, 15 
percent; starch, 28 percent; yeast, 7 percent; salt mixture," 4 percent; 

J Received for publication Feb. 2, 1937; i^ued October 1937. 

2 The author acknowledges his indebtedness to P. E, Newman and J. E. Foster of this station. for assistance 
in the conduct of p»t of the work. Grateful appreciation is also extended to Dr. G. M, McCay, of the 
aiiiin,al nutrition Laboratory, for helpful suggestions relative to this study. 

s Reference Is made by number (italic) to Literature Cited^ p. 473. ■ 

* This product was obtained as washed Sylphrap from, the Sylvania Industrial Corporation, New York 
City. ■ 

5 The salt mixture used was one designed by Woodward and MeCay (.9) for use in synthetic diets for 
Herbivora. ■ . 
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lard,, 6 percent; a,iid a Yitaiiiin A-D supplement. Tliis diet, as well 
as other Teiy similar diets, is apparently palatable to sheep and has 
been consiimed in such ^^mounts that good growth has resulted. 
HoweTer^ it should be noted that this mixture contains a high percent- 

a.rre of protein. 

this work as a basis, the most logical procedure to follow in 
developing a low-nitrogen diet was apparently to replace the casein 
mdth starch. This change would not be expected to affect the palata.- 
bility of the mixture very radically. That some difficulty might be 
eiiccmiitered, however, became apparent, after some preliiiiinaiy 
work which was made in connection with another problem. 

In the preliminary study, a growing lamb which previously had been 
getting a common, practical ration w^as fed a diet containing 18 percent 
of casein but otlieiwise similar to the purified diet described above. 
No trouble was experienced in getting satisfa( tory feed consumption, 
and so it was concluded that this 18-percent casein diet was palatable 
to the lamb. Then, by using a larger percentage of starch and a 
smaller percentage of casein, another diet w^as prepared in which the 
casein made up only 8 percent of the total ration. When fimt fed 
this mixture seemed just as palatable as the 18-percent casein diet 
and the same ainoimt of feed was consumed. At the end of 6 days, 
hoivever, the lamb went off feed and was emaciated in appearance. 
At about the same time the feces became loose in character and offen- 
sive ill odor, indicating acute indigestion. Although the feeding of 
this diet was eontmiied for 12 days longer, the lamb made little or 
no improvement and the former level of feed consumption was not 
regained. 

The lamb wm then fed a similar diet except that it contained 14 
percent of casein. After a short time the lamb’s appetite became 
stronger and more regular, the feces were more normal, and the iamb 
was apparently in considerably better physical condition. 

From these results it seemed unlikely that omitting all the casein 
from the diet and adding a corresponding amount of starch would 
make a satisfactory loiv-nitrogen diet for lambs. Therefore, certain 
other modifications w-ere made to the original purified diet in addition 
to the substitution of starch for casein. This mixture, which was used 
in all the remaining studies on low-nitrogen diets, is given in table 1. 
-Linother diet, similar in all respects except that 20 percent of casein 
replaced a corresponding amount of starch, was also used . This diet, 
hereafter referred to as the “casein diet’6 is also given in table 1,. 

Table I. — Cmnposition of experimental diets 


InjiMLews florist 

Ca^in 
diet . 

Ingredients 

Low-nitro- 
gen diet 

Casein 

tUet 

, PiTtmt 

Uegenerated wllulose IS. 0 ; 

■ :! 

Pt-TceM 

■ 1B.0 

mo 

33.5 

15.0 

i 4.0- 

Yeast i 

Xfinfiirals i 1 

Percent 
! 5.0 

4.5 
■ S' T 

Percent 

5.0 

4.0 

>tart*k 53.5 ' 

Anififtnil 

Brown mpar,. -- i 15.0 I 

Total 

- — - - . 

t.’oni olL... ' 4,0 1 

/'■ 100.0 .j 

loo.o 


Pereenl of minerals was made up 2,5 parcent of the "Hawk and Oser medification of the Oshome 
and Aleadel mjcerajiiiivure II) and 2.0 percent of a mixture Mgrotind iteestonelOp^arts, steamed bonemeal 
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As may be noted in table 1, brown sugar was used instead of cane 
siigar^ and corn oil was added instead of lard. This was done m an 
effort to increase the palatability of the diet. A different minera,! 
mixture also was used. To these diets, a small quantity of anise oil 
was added. Tins was done to impart a pleasant and distinct taste, 
as well as odor, to the diet, which- was otherwdse deficient in these 
respects. It was hoped that the addition of this material would aid 
in securing greater feed consumption. Anise oil can be added readily 
to any ration, a,nd by using it abrupt changes may be made from one 
ration to another without very much danger of the lambs refusing the 
new ration because of the difference in taste or smell. 

In order to correct for any possible decrease in the palatability of 
the mixture that might result fro.m the presence of such a large amount 
of fine starch, the starch was cooked together with the other constitu- 
ents of the diet, except the yeast and minerals. This cooked material 
was thoroughly dried in a drying room and then coarsely ground. 
Later the minerals and yeast w^ere added to complete the diet. 

The diet as fed wms a browmish, rather gritty material, somew%at 
like small, hard seeds. It was sw^eet to the taste and had a noticeable 
odor, as well as taste, of the anise oil. From the standpoint of taste, 
odor, and physical condition, the diet seemed about as palatable as 
could be demised with the ingredients used.^ Howmver, no direct test 
w^as made to determine whether these modifications actually did im- 
prove the palatability of the mixture. 

EXPERIMENT i 

For the first experiment a thrifty grade lamb wms obtained from thc^ 
university flock. The lamb wras led a ration of ground com, linseed 
meal, and timothy hay for a short time, and then the low-nitrogen diet 
was gradually substituted for part of the concentrates until the lamb 
received only the low-nitrogen diet plus the hay. So far as could be 
determined, the low^-nitrogen diet wms just as readily consumed as the 
concentrate mixture. After this substitution, the allowance of the 
purified diet wnis increased and the amount of hay was decreased. 
WitMn a few days the lamb was receiving only the fow’'-nitrogen diet. 

The low-nitrogen diet w^as eaten readily and remained very palatable 
for the first 2 days that it was given as the only feed. On the third 
day, how^ever, the lamb refused some feed and later went badly off 
feed. The feed consumption was decidedly under the former level, 
and the lamb became irregular in its eating. The feces w^ere loose and 
had a bad odor. Without question, the appetite and the digestive 
processes of the lamb were badly upset after this short period on the 
low^-nitrogen diet. 

The question naturally arose as to why the feed, which at first had 
apparently been eaten with relish, should suddenly become objection- 
able ^to the lamb. It was thought that possibly the change to the 
purged diet had been too abrupt. However, there were no definite 
indications; that , such was the case. The most logical* explanation 
appeared to be that the low-nitrogen diet had seriously disturbed the; 
digestive system of the Iamb and so had greatly reduced its desire for 
food. . 

■ ^ After a few days, the feeding of the low-nitrogen diet wms discon- 
tiniied and the lamb wms again fed the ordinary bam feeds. ■ xilthoiigh 
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its improTemeiit was slow in the beginning, by the end of 10 days it 
was again eating satisfactorily and gaining in w^eight. Eyidently it 
had completely recoyered from the period of feeding on the low- 
nitrogen diet. 

It was then decided to check these results by repeating the procedure 
with the same iamb. This time, ho\yeyer, instead of decreasing the 
amount of grain as in the first trial, the amount of hay was decreased 
as the lo-w-nitrogen diet -was added. After a few days, the hay was 
entirely remoyed so that the lamb was getting about one-third of the 
relatiyely high-protein concentrate mixture (corn and linseed meal) 
and two-thirds of the low-nitrogen diet. The lamb readily consumed 
this mixture and made considerable gain in weight. After a period of 
10 days, it was fed only the low-nitrogen diet. The effect of this 
change in diet on the feed consumption and on the daily body weights 
throughout the experiment are shown in figure 1, A. 

As figure 1, A, o, indicates, at the beginning the lamb ate the same 
amount of the lo\y-nitrogen diet that it had of the diet plus the corn 
and linseed-nieal mixture. Here, again, wms eyidence that the low^- 
nitrogen diet was at first just as palatable as the natural feeds. At 
the end of 8 days, however, the lamb refused to clean up its feed. It 
had the appearance of being in extreme discomfort and was not so 
active as formerly. The feces lost their typical pellet shape and gave 
off a strong odor. In practically all respects the lamb had developed 
the same condition as when previously fed this same diet. 

Instead of bringing the lamb back to a normal condition by giving 
the natural feeds, it was fed a purified diet containing considerable 
casein. This diet was prepared exactly as the low-nitrogen diet had 
been except that in this mixture casein was added to the extent of 20 
percent of the total diet and the percentage of starch was reduced 
accordingly^ By reason of the cooking and the addition of anise oil, 
the odor, taste, and physical condition were the same. Even the 
color was nearly the same, the casein diet being just a trifle darker. 
No particular difference in the desire for feed was observed wdien the 
casein diet was first offered to the lamb, but after a few days, it 
developed a stronger and more uniform appetite, and at the end of 
8 days, it wuis eating* the former amount of feed. The casein diet was 
fed for 8 additional days, during wliich time the lamb became normal 
in all respects and had an excellent appetite for the diet. 

The changes in the body weight of the lamb during the experiment 
are of interest. As shown in figure 1, A, 6, the lamb made uimsually 
large gains during the period in w^hich the concentrate mixture was 
fed along with the low-nitrogen diet. The extent of these gains w-as 
no doubt due in part to the previous emaciated condition of the iamb. 
The lamb also continiied to gain for a few days on the low-nitrogen 
ration, but after a rather marked increase in weight, it began to lose' 
rapidly. This loss of weight corresponded to the period in w^hich it had 
diarrhea. Shortly after changing to the casein diet, the lamb im- 
proved in body, weight, and by the, end of the. expe,riment,it was 
making, good .gains. . . . 

EXPERIMENT 2 

Experiment 2 was conducted primarily as a check upon the first 
experiment. While the low-nitrogen diet had proved imsuccessful in 
two attempts with the same iamb, it- "was believed desirable to try the 
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same diet with axiditioiial lambs before admitting failure. Also, the 
behavior of the first lamb on each of the diets had been of especial 
interest and further observations seemed desirable. All of the rations 
used ill this experiment were the same as those used in experiment 1. 

Two grade iambs ivere secured for this study. They were very simi- 
lar to the lamb used in the first ezqieriment, but ivere somewhat heavier 
ill weight. The 20-percent casein diet was gradually substituted for 
the customary barn ration, and after the lambs had been on the casein 
diet for a period of time, they were changed to the low^-nitrogeii diet. 
The casein diet was fed agam\it the end of the experiment. The daily 
feed intake and the daily iveights thi'oughout the period are shown in 
figure 1, B and C. 

"The results secured with lambs 2 and 3 were similar to those ob- 
tained with lamb 1. The lambs apparently did not notice when the 
change was made from the casein diet to the low-nitrogen diet. Their 
feed intake remained the same for a few days and their appetites 
ivere good. Then suddenly they began to refuse feed, and for the 
duration of the period on the low-nitrogen diet, they would not con- 
sume the feed at the former level of intake. The condition of their 
feces was also abnormal. 

A change was made back to the casem-containing ration, and, again, 
insofar as could be determined, the lambs did not observe the change 
in their feed. After a few days, however, a noticeable improvement 
was made and both lambs almost completely regained their former 
level of feed intake and appeared to be in good condition. Consider- 
able increases in body %veiglit w^ere also made. 

DISCUSSION 

The data presented bring out clearly the fact that there are impor- 
tant factors in rations other than physical appearance, taste, or smell 
which may deterniine the amount of a feed or a ration that an animal 
will consume. Insofar as could be judged by inspection, the casein 
diet and the low-nitrogen diet wrere practically identical. The cooking 
and subsequent grinding of most of the constituents in each diet made 
them markedly similar in appearance and the taste and odor were 
almost identical, owing primarily to the addition of the anise oil. 
The accuracy of these observations is borne out by the fact that in 
no instance w’-hen the diets w^ere changed did the lambs give any indi- 
cation that they noticed the change. It therefore seems logical 
to conclude that both diets were palatable and that the difference iir 
feed consumption wuas due to the presence of the casein or '-more pro- 
tein in one of the rations. 

The low-nitrogen diet as prepared did contain an appreciable amount 
of protein furnished by the yeast. While this amount of protein 
would not have been sufiicient tO;,, maintain the lambs adequately 
over^a long period, it seems unlikely that the lack of even this essential 
nutrient w'ould become apparent in so short' a time. Probably the 
poor results ^obtained on tliis diet were due to the, severe digestive 
disorders whieh occurred, rather than to the fact that 'the iambs w^ere 
siiflering from an actual deficiency of protein. 

As indicated by the curves in figure 1, the lambs made irregular 
increases in body weight at about the time that they began to refuse 
the low-nitrogen diet. Tins strongly indicated that normal digestion 
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followed by the elimination of the undigested material was not taking^ 
place. AlsOj in every instance, soon after the lambs began to refuse 
feed, they developecl diarrhea to some extent. 

Daih-" fecal weights on the dry-matter basis were obtained in the 
observations with lamb 2. The data during the period on the low- 
nitrogen diet clearly indicate a decreased excretion of feces during 
the period prior to going off feed, when the lamb was making a sharp 
increase m body weight. These conditions were followed b}" a marked 
increase in the weight of feces excreted wliicli corresponded to the 
beginning of the diarrhea experienced by the lamb. All of these results 
indicate that the digestive system of the animal was badly upset. 

While there are no specific data to explain the poor results obtained 
when the low-nitrogen diet was fed, it is possible that the cellulose in 
this diet ma:y have been largely responsible for the digestive disorders 
which occurred. There is a common belief that protein stiniulates 
the development of bacteria in the digestive tract, and if this is true 
the feeding of the low-nitrogen diet may have resulted in much less 
bacterial action than normal, causing a less complete digestion of the 
cellulose. This condition would result in digestive disorders and a 
decrease in the amount of feed desired by the animals. 

SUMMARY 

An attempt was made to prepare a low-nitrogen diet for lambs that 
could be used in coimection with some of the studies at this station on 
the nutritive value of proteins. A mixture wliich was relatively low 
in nitrogen and contained only purified ingredients was fed to three 
lambs. The diet appeared to "be very well liked for the first few days 
of feeding. At the end of that time, however, the lambs ate much 
less feed and gave definite indications of digestive disorders. Although 
the feeding of the diet was continued for several days after these con- 
ditions developed, the lambs w^ould not consume as much feed as they 
had readily eaten of a diet wliich was very similar except that it 
contained considerable protein. Apparently the digestive disorders 
brought on by the feeding of the low-protein ration caused the lambs 
to desire less feed. These results show clearly the effect that a defi- 
ciency of protein may have on the digestive system of an animal and 
on the anioimt of feed that it will consume. 
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CROSS TRANSFER OF MINERAL NUTRIENTS IN THE 
TOBACCO PLANT ' 

By J. E. McMurtrey, Jr. 

Senior physiologist, Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Uniformity of growth in plants is a matter of considerable theoret- 
ical as well as practical interest. In studies concerning the mineral 
nutrition of tobacco, in regard to distinctive growth effects manifested 
by tliis plant (d, 7, 10 ^ 11),^ it was frequently observed under field 
conditions {12) that one-half of a leaf exhibited characteristic defi- 
ciency effects wdien such effects were not so evident on the other half. 
The observed effects appeared to be due to a failure of cross transfer 
of nutrients even between halves of an individual leaf. These obser- 
vations furnished the basis for the investigations reported in this paper. 
The problem appears to have some bearing on the field placement of 
fertilizers, particularly separate placements of the different ingredients 
and deferred side dressings. 

The work of Gile and Carrero (S, 9) has definitely showm a reduction 
in growth and decreased absorption w^hen the roots are divided 
between different containers so that some portion or all of the root 
systems are supplied with an incomplete nutrient solution. These 
authors did not describe in detail the appearance of the plants growm 
in tests. The studies by Auchter {2) with w'oody plants support the 
idea that there is little or no cross transfer of nutrients but a free cross 
transfer of wrater in woody plants. Auchter found that there was a 
umlateral distribution, that is, the nitrate applied on one side of the 
tree produced responses that were evident on the side of the tree to 
which the application wras made. Caldwell (5, 4) concluded that salts 
and carbohydrates were translocated up or down the plant stem but 
that there was little cross transfer of materials. Localization of day- 
length effects reported by Garner and Allard {5) further emphasizes 
the failure of translocation. These workers found striking localization 
of the principle responsible for the initiation of flow^ering in plants. 
These observations are difficult to interpret from the standpoint of 
plant anatomy if there be any considerable movement through the 
vascular bundles, since Artschwager {!) has reported more or less com- 
plete anastomosis of these bundles, winch should operate to mix all 
materials moving through these channels. 
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PROCEDURE 

In an effort to determine why only one side of a leaf may manifest 
distinctiTe symptoms due to a deficiency of any one of the essential 
elements necessarir for growth, the roots of the tobacco plant (iVico- 
tianM fabacuni L.) were divided into approximately two equal portions, 
each of wliich was placed in a Iditer Pyrex beaker, tall form. The 
plant was held in position by a varnished woodenhoard provided with 
suitable holes and a.^ stake to which the plant was tied. Early attempts 
to produce the desired result were not successful, apparently because 
fibrous roots developing near the junction of the beakers tended to 
mix the two solutions through a wicklike effect. This complication 
is particularly serious in solution cultures but should not be operative 
in sand or soil cultures. In an effort to overcome this difficulty in 
studies conducted during 1930, the stalk was split to about 1 inch 
above the root crown. Under these conditions it was possible to 
obtain definite effects, wliich are described later. 

Since the procedure just described is open to the objection that the 
stele would be divided and cross transfer, therefore, prevented, further 
studies were undertaken. The fibrous roots were removed to avoid 
the mixing of solutions that occmred in the early trials. Solutions 
were prepared like those used in previous studies (II), from each of 
which one of the following elements was withheld in turn: Nitrogen, 
phosphorus, potassium, calcium, magnesium, sulphur, boron, iron, 
and manganese. After having been disinfected with silver nitrate 
according to the procedure previously described (II), plants were 
transferred on April 1, 1936, from soil to duplicate culture solutions 
from wliich, in each instance, one of the above elements had been 
withheld, except that in one group all these elements were included in 
both containers. Each container was aerated by bubbling ivith com- 
pressed air at approximately 1 liter per hour. On May 17 all solutions 
were renewed, a complete solution being added to the container for 
one-half of the roots of each plant of the incomplete groups and to 
the containers for both halves in the complete group. Additional 
nutrient was subsequently added at intervals of 2 -weeks. 

The procedure of growing the plants in incomplete nutrient solutions 
until characteristic deficiency symptoms developed, as previously 
described (II), was adopted because it appeared to give the most 
logical approach to the problem. It had been previoiisiy determined 
that the development of symptoms was slower than was the subsequent 
recovery. Such procedure caused the plant to develop symmetri- 
caliy in regard to root and top growth, permitting later changes to 
produce sharper contrasts. 

RESULTS AND DISCUSSION 

Except in the case of manganese, all cultures were manifesting 
characteristic deficiency effects at the time provision was made for 
supplying one-half of the roots with a complete nutrient solution (II). 
T-wo "weeks later it w^as evident that cross transfer -was not rapid 
enough to give uniform recovery. This condition extended even to 
a half of the individual leaf, as showm in figure 1, where a large portion 
of the leaf on one side of the midrib has recovered its normal green 
color w'hile the remaining half is chlorotic because of a deficient 
supply of magnesium. This app^ns to be the fi.rst reported mstance 




FmuEE 1.— Tobacco leaf manifestiog oae-sMed movary caused by supplying tbe eleinent n^gnesium to 
one-balf of tbe rout system and witbholdiug it from the other ball-. 
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where a failure of cross transfer of a mineral nutrient in the inclividiial 
leaf has been shown to occur. Tliis situation was more or less common 
to deliciencY symptoms manifested for all elements except manganese. 
Possibh’’ the experinieiit was not of sufficient duration to induce 
effects from shortages of this element. The unilateral leaf manifesta- 
tion w'as not so commonly observed in calcium and boron deficiency 
coiiibinations. 


showing distribution of recovered and chlorotic leaves (.4-/0 removed from 
wfthSewlram the rthw’hTf ^ ' was suppUed to one-halt of the root system and 

A question of some interest is whether recoTery may be unilateral 
in the mdiyiduiil leaf, but this appears not to be the rase. In some 

instances the entire leaf may show bilateral recovery, or again there 
may be a^ leaf that shows no recovery. Nor does there appear to be 
any deiimte relationsliip between the arrangement of affected leaves 
on the staik and the 3/8 phyllotaxy of the tobacco plant. These 
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In tliis instance magnesium was supplied to only one-lialf of tlie 
roots. Tins same observation held true in greater or less degree for 
all combinations tested. In many instances there does appear to be 
unilateral or half-leaf manifestation, but the leaf halves concerned do 
not always occur on the same side. This is shown, for example, in 
figure 2, for B shows recovery on one-half while D manifests recovery 
on the opposite half. 

Conceivably it would be possible so to subdivide the roots that 
there would "be a symmetrical effect, but such a result was never 



FiGUEE 3 .-~Tobacco plants grown in solution cultures. Calcium added to container on left after being 
withheld for a time. This element was not added to container on right for period of observation. 
Complete nutrient solution supplied to both containers for the entire period of observation. 


observed in the combinations tested. It appears that no systematic 
arrangement can be expected, since it would be highly improbable 
that by mere chance the roots could be divided in such a manner as 
to produce such a result. The plants made additional growth fol- 
lowing their transfer to the conditions adapted to study of recovery. 
This growth also manifested the failure of cross transfer, indicating 
that there would have been this failure even if the roots had been 
grown half in compJete and half in incomplete solutions for the entire 
period. The experiment was discontinued June 18, approximately 
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1 nioiitli after the transfer was made, and none of the plants mani- 
fested S 3 '"nimetrical growth when ixny particular* element was supplied 
to onh’^ one-half the root s^^stem. 

Failure of cross transfer of an essential nutrient results in a one- 
sided or twisted growth, as showm in figure 3, /I, where calcium was 
not supplied during the earh^ growth but later was supplied to the 
half of the root system nearest the letter A. It can be observed in 
this plant that the increase in size of the leaves is not unilateral in 
its distribution. Complete recovery from symptoms induced by 
calcium deficiency is not possible, since there is an actual break-down 
of the meristeinkic tissues; but it is apparent that certain leaves 
have iiicreased in size, even though the leaf tissues are missing at 
the tips and margins. The control plant (B), in which calcium has 



FiotJSE 4. — Tobacco plants grown in solution cultures. ^4, Sulphur added to container on left after being 
withheld for a time. Container on right received no added sulphur. Complete nutrient solution 
supplied to both containers. 


been supplied to the entire root system during the period of observa- 
tion, manifests s^unmetiical development of both root and top growth. 

Unilatpal distribution of mineral nutrients does appear to occur 
in some instances, as indicated by symptom manifestations. It was 
characteristic of those cultures in which sulphur was not supplied 
lor a time and then was added to the container in which one-half 
of the roots were growing (fig. 4, A) that rapid recovery "was exhibited 
on the side of the plant to which the element was supplied. Again, 
it is evident that the lower leaf on plant A manifests a one-sided 
growth. In figure 4, A^ the container to the right has received no 
added sulphur, and it is evident that this half of the plant is stunted. 
There was also a decided difference in the shade of green, which 
failed to register^ in the photograph. ^ The leaves and even the leaf 
halves that manifested sulphur deficiency were a decidedly lighter 
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green. The control plant (B) is normal in appearance and symmetri- 
cal in development. 

It has been observed under field conditions (12) that leaf halves 
manifest deficiency symptoms, and it would appear that failure of 
cross transfer is the explanation. It is conceivable that one portion 
of the root zone in which the plant is feeding is relatively more deficient 
in an element than another portion and that, owing to failure of cross 
transfer in the plant, one-half of the leaf would manifest more pro- 
nounced symptoms than the other half. In view^ of the fact that 
tliis situation has been observed to occur under field conditions, 
studies in fertilizer placement should take into account this phase 
of the problem. Placement to one side of the row and the application 
of different ingredients in separate, widely separated bands or positions 
in relation to the root system of the plant may not be desirable 
practices. The method of delayed side dressings should include 
ample provision for adequate distribution in relation to the root 
zone of the plant in question. The results presented in this paper 
appear to offer a logical basis for explaining the more efficient action 
of the fertilizer when placed near the plant in the region of maximum 
root development. 

SUMMARY 

It has been possible to reproduce experimentally, on one-half of 
an individual leaf, symptoms of nitrogen, phosphorus, potassium, 
magnesium, sulphur, and iron deficiency by withholding the element 
from a portion of the root system. Failure of cross transfer of the 
essential nutrients did not always manifest distinctive effects unilat- 
erally on the individual leaf, and the plant in some instances show^ed 
an entire leaf normal while an adjacent leaf bilaterally manifested 
symptoms of deficiency. A twisted or one-sided growth also resulted 
from deficiency of each of the above-mentioned elements and also 
of calcium or boron when they were not supplied to the entire root 
system. 

There was not ahvays a unilateral distribution of the symptoms in 
relation to the root and top growth when the roots were divided so 
as to supply a given element to one-half of the root system and 
withhold it from the other half. Depending apparently upon root 
and top-growth relations, it appears to be merely a matter of chance 
as to what type of growth manifestation is obtained. 

The possible relation of these findings to fertilizer placement under 
field conditions is pointed out. 
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PHYSIOLOGIC RACES OF TILLETIA TRITICI AND T. LEVIS’ 


By H. A. Rodenhiser, paihologistj and C. S. Holton, associate pathologist^ Division 

of Cereal Crops and Diseases^ Bureau of Plant Industry^ United States Department 

of Agriculture 

INTRODUCTION 

Since Faris (^)" obtained strong indications of physiologic specializa- 
tion in TiUetia tritici (Bjerk.) Wint. and T, Urns Kiilin^ pathogenic dif- 
ferences between races of both species have been studied by a number 
of investigators in the United States and Canada (1, 2, 5, 6, 7^ 8^ 9, 10, 
12, IS, 14} lo). In these experiments the methods used have been 
more or less adapted to local conditions, and this has resulted in a lack 
of uniformity in the use of differential hosts and in the system of num- 
bering distinct races. Consequently it is to be expected that a number 
of the physiologic races that have been identified by different investi- 
gators will be duplicates. The reports of these experiments do, how- 
ever, serve as definite evidence that physiologic races of these fungi 
have become established in the important wheat-grovung areas of the 
United States. The significance of this fact with regard to the prob- 
lem of bunt control needs no extensive elaboration. 

Certain wheat varieties have been distributed in the past that had 
proved to be resistant to bunt prevalent in the vicinities where the 
varieties were developed. However, when these varieties were grovm 
commercially they^ were found to be susceptible. In most instances 
outbreaks of bunt in such varieties have been definitely associated with. 
the appearance of previously undescribed races of the two species. 
Obviously, then, if a breeding program for the development of smut- 
resistant varieties of wheat is to be successful it is essential to Imow 
the number, distribution, and prevalence of physiologic races. To 
obtain this information more rapid progress will be made if a standard 
system for race identification is developed and generally adopted. 
The present paper is intended as a first step in this direction. 

MATERIALS AND METHODS 

Thirty-one collections of TUletia tritici and 34 of T. levis have thus 
far been given race numbers by various investigators in this country. 
Of this group 24 of the numbered races of the former and 29 of the latter 
were obtained for testing by the writers. In addition, a number of 
miscellaneous collections of both species were tested. 

Ten varieties each of winter and of spring wheat were used as dif- 
ferential hosts. The winter wheats were Hybrid 128 (C. 1} 4512), 
Kidit (C, I. 6703), Oro (C. I. 8220), Albit (C. I. 8275), Hohenheimer 
(C. I. 11458), Hussar (C. I. 4843), Minhardi (C. I. 5149), WMte Odessa 
(C. I. 4655), Martin (C. I. 4463), and Turkey (C. I. 6175). In the 
final analysis of data only the first six of these were retained as dif- 
ferential hosts. The other four were not considered for the following 
reasons: Minhardi was found to be similar to Hybrid 128 in its reac- 
tion to aU races and collections tested; White Odessa was similar to 
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.Mbit in tliis respect ; no pathogenically distinct ^ races could be differ- 
entiated on IVIartin that were not equally well differentiated on either 
^ilbit or Hussar; Turkey (C. I. 6175) was not consistent in its reaction 
to certain races when grown under a fairly wide range of environmental 
conditions. The spring wheats were Ulka (C. I. 11478), Marquis 
(G. I, 3641), Caniis (C, I. 11637), Mindum (C. I. 5296), Hope X 
Ceres (C. I. 11432), Ruby (C. I. 6047), Garnet (C. I. 8188), Thatcher 
fC. I. 10003), Golden Ball (C. I. 11477), and Vernal emmer (C. I. 
3686). In the analysis of data only the first four of these were re- 
tained as differential hosts. Certain races could be identified by their 
reaction on the latter six varieties, but none that were not equally well 
differentiated on the Ulka, Marquis, Canus, and Mindum combination. 

Seed of the differential hosts was treated with formaldehyde accord- 
ing to the standard dip method, thoroughly washed with water to re- 
move all traces of formaldehyde, and allowed to dry. Powdered inoc- 
ulum from each collection was then applied to each lot of seed at the 
rate of approximately 0.5 g to 100 g of seed. The inoculated seed was 
pianted at the rate of 5 g to the row in duplicate systematically distrib- 
uted 6-foot rows. The inoculum of each race to be used in the suc- 
ceeding year’s test was collected on the same date and subsequently 
stored at room temperature in the laboratory. In preparing the inoc- 
ulum and in inoculating and planting the seed, adequate precautions 
were observed to prevent mixing of the spores of different species and 
races. The smut percentages obtained were based on counts of 300 
heads per row at Bozeman, Mont., and counts on the total number of 
heads per row at Ivearneysville, W. Va., and Pullman, Wash. There 
were approximately 200 heads per row at Kearneysville and 400 per 
row at Pullman. 

In the analysis of these data only those collections of smut possessing 
fairly wide differences in pathogenicity were considered as distinct 
races. With the present technique for separating races of Tilletia, 
environmental conditions are not accurately controlled nor are they 
duplicated at different stations and in different years. It is therefore 
impossible to iiiake such fine distinctions as have been made in the 
rust fungi, in the study of which the environmental conditions affecting 
both the host plant and the fungus may be easily controlled. When 
a sufficiently lai^e number of tests have been made under controlled 
conditions or under different environmental conditions in sufficient 
niimber to permit a statistical analysis of the results, smaller differ- 
ences hi pathogmicity may possibly be found to be significant. Until 
then, classifications of races of Tilletia are necessarily more or less 
arbitrary, and it would seem logical that separations should be made 
only where the differences in pathogenicity are fairly wide and reason- 
ably consistent. In previous work relatively narrow limits in infection 
range classes have been considered significant for the purpose of 
separating physiologic races. As a result, four to six classes have been 
used by various investigators. However, in the present tests varia- 
tions between results with the same smut collections at different 
stations in 1 year and in the results from replications at the same 
station were frequently great enough to interfere with the use of a 
classification with more than three infection classes as follows: 

0-10 percent infection = resistant class (E). 

11-40 percent infection —interinediate class (II. 

, 41-100 percent mfeetion==, susceptible class (S), 
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In establisMiig these classes consideration has been given to the 
tendency toward variation in smut percentages produced by the same 
races on the same varieties, in different replications^ in different years, 
and in different localities. It is clear from the data in table i that 
within the resistant class the variability in percentages of infection is 
small and that the upper limit for the class should be approximately 
10 percent. These data also indicate that as the degree of resistance 
decreases the variability in the percentages of infection obtained with 
any one collection of smut increases. For example, as recorded in 
table 1, the percentage of smut on Albit inoculated with T-4 varied 
from 10 to 44 percent depending on the locality or the year the test 
was made. It is to allow for such variations in percentages as these 
that the limits for the intermediate and susceptible classes have been 
established. 

Tests for the differentiation of physiologic races are considered satis- 
factory in these experiments only when 60 percent or more smut 
developed in the generally susceptible varieties, H^hrid 128 and Ulka. 
Accordingly no data are presented from tests in which infection in 
these varieties failed to reach tliis figure. The classification as re- 
cox'ded is based on results obtained in tests with winter wheat in 1 of 
the 4 years the experiments were made at Kearneysville, W. Ya.; in 
1 of the 3 years at Bozeman, Mont. ; and both of the 2 years at Pull- 
man, Wash. In the tests with spring wheat, satisfactory data for 
race differentiation were obtained in 1 of the 3 years tests were made 
at Bozeman, and 1 of the 2 years at Pullman. No significant data 
were obtained in two seasons the tests were made with spring wheat 
at St. Paul, Minn., because of drought conditions, and with winter 
wheat at Corvallis, Oreg., because of poor stands. 

Eeactions that differentiate physiologic races are indicated in 
table 3 by the bold-faced type, and the letter T or L is prefixed to the 
race numbers to denote the smut species Tilletia tritici and T, levis^ 
respectivelv. 

RESULTS 

IDENTIFICATION OF PHYSIOLOGIC RAGES 

At the present time tests adequate to warrant classification have 
been made with 24 collections of Tilletia tritici and 28 of T. levis. 
From these collections 11 pathogenically distinct races of T. tritici 
and 8 of T. lens have been identified and assigned letters and numbers 
T“1 to T-11 and L-1 to L~8, respectively. The average percentages 
of smut produced by these races at different stations and in different 
years are recorded in table 1. The sources of inoculum for these 
tests, together with the assigned race numbem, are recorded in table 2. 
The reactions that serve to differentiate the races of T. tritici nxid T. 
lepiS/OTB presented in table 3. 

In previous investigations the identification of physiologic races of 
Tilletia tritici and T. levis has been based upon their reaction on either 
winter or spring wheats alone. The results of the present studies 
emphasize the value of using both winter and spring varieties as 
differential hosts. For example, races L-1, Lr-2, and Lr-3 (table 3) 
are differentiated on spring wheats alone, races Lr-6 and L~8 on winter 
wheats alone, and races Lr-4 and Lr-5 on a combination of both winter 
and spring wheat varieties. Race Lr-7 is clearly differentiated by its 
reaction on either the spring or winter wheat varieties. Similar 
results were obtained with races of 21 (table 3). 



Percentage of bunt in varieties at localities indicated 




Percentage of bunt in varieties fit localities iiidicated 
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J The reaction of this race on the spring wheat host testers was obtained in 1936 only. 



Percentage of hunt in varieties at localities intlicaietl 
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Table 2. — Prenously minihered physiologic races and miscellaneous collechons of 
Tilletia iritici and T, levis grouped to correspo7id with new race numbers 


Smut species ■ logic race i Source of inoculum 

, no.^ ; 


\{ 


TUklln tfitld ;( 


Tiiletm iem 




! 

i 


i 

T-1 ! 
T-2 ! 

T-3 1 
T-4 ! 
T-5 
T-6 I 

T-7 I 
T-S ! 
T-9 
T-IO ! 
T-11 I 
L~1 i 
L-2j 

L-3 I 


L-4 

L-5 

L-7 

L-S 


Games' 1; Tlor’s 6; Reed's 3; eolleetion from Davis, Calif. 

Holton’s Vernal emmer race; Holton’s Mindum race; collection from Lang- 
don, N. Dafe. 

Reed’s 5; Young’s Montana eolleetion 3S. 

Reed’s 2. 

Reed’s 4. 

Gaines’ 3: Bressman’s 7 and 10; Young’s Montana collection 20; Rodenhiser 
and Staknian’s Manitoba collection. 

Collection from Pullman, Wasb. 

Gaines’ 2; Bressman’s 9; Young’s ^Montana collection 100. 

Bressman’s S; Flor’s 7. 

Collection from Lind, Wasb. 

Collection from Pullman, Wasb. 

Reed’s 4; Flor’s 1, 2, and 6. 

Rodenblser and Stakman’s 2; Holton’s Marquis race; Aamodt’s 2; collections 
from Brookings and Redfield, S. Dak.; Fargo and Dickinson, N. Dak. 
Gaines’ 5; Bressman’s 3; Flor’s 3 and 5; Melebers’ 1 and 6; Young’s Montana 
collection 8; Tingey’s Utah collection 2; collections from Bozeman and 
Moccasin, Mont. 

Bressman’s 4; Tingey’s Utah collection 6. 

Melebers’ 2. 

Collection from Moore, Mont. 

Flor’s 4; Tingey’s Utah collection 4. 

Bressman’s 6. 


t Additional races have been tested that were identified by earlier investigators on different hosts not 
avaiiablft for tha*!e tests. It may be of interest to record their reaction on the present host testers. Aamodt’s 
rac«s 3 and 4 of WMia ievis had the same reaction as his race 2, reclassified here as Lr-2. Likewise, Melebers' 
race 7 was the s®ne as his race 2, reclassified here as Ir-5. 

Table 3. — Eelaiwe susceptibility^ of 10 differential hosts to 11 physiologic races of 
Tilletia tritici a7id 8 physiologic races of T. levis 


[R=0~10 percent; 1=11-40 percent; 5=41-100 percent] 
TILLETIA TRITICI 


Physiologic race j 
no. 1 

Hybrid! 
128 1 
(C.I. 1 
451,2) 

Ridit 1 
(C.I. I 
1 6703) 

Oro 

i (C.L- 

j 8220) 

Hohen- 
heimer 
(C. I. 
1I45S) 

Hussar ‘ 
(C. I. i 
4843) , 

Albit 
(C. 1. j 
8275) 1 

Ulka 
(C. 1. 
11478) 

Mar- , 
quis 
(C.I. ‘ 
3641) 

Canus 
(C. 1. 1 
11637) 

Min- 
dum 
(G. I. 
5296) 

T-l i 

S 

R 

R 

R 

R j 

K 

S 

21 i 

R 

R 

T-2..,-. 

S 

R 

R 

R 


R 

S i 

R 

R 

S 

T~3. : 

s 

R 

R i 

R 

R 1 

R 

s 

S ' 

S 

I 

T-4...,..-.,. 

s 

R 

R i 

R 

R ! 

i 1 

s 

s 

R 

I 

T-5 

5 

: R 

R 1 

R 

R 1 

I 

s 

1 s 

S 

I 

T~6 

! S 

R : 

E i 

R 

R 1 

S 

s 

s 

R 

I 

T-7...-.,., 

s 

'R 

R 

R 

I 

s 

s 

s 

I 

I 

T-8 

S i 

R 

R 

R 

S 

s 

s i 

s 

S 

1 I 

T-9.:- 

S ■ : 

R ! 

R 

I 

R 

R 

s 

I 

R 

1 

T-itl t... 

S 

R ! 

R 

s 

R 

; R 

( R 

I 

R 

R 

T-ll,.. 

■'S'., 

S i 

R 

R 

R 

i R 

I ' 

S 1 

S 

I 


TILLETIA LEVIS 


L-1 

! s 

R 

R 

R 

R 

R 

S 

I 

R 

I 

L-2. 

' S 

R 

E 

R 

R 

R 

s 

s 

R 

I 

L-S ..... 

, s 

R 

R 

R 

R 

R 

s 

s 

s 

I 

L-i ..... 

i s 

R 

R 

R 

R 

S 

s 

I 

' R 

I 

.L-3., ....... 

, s 

R 

R 

R 

R 

s 

s 

s 

S 

T 

L-fl ... 

-j. 

R ! 

I R 1 

R 

I 

: s 1 

s 

s 

S ■! 

I 

L-7 

, — .-- 1 , ■ S' 

■. , R . 

i 'R ■ 1 

R 

S 

s 1 

S'' 

' ,I , 

s 

I 

L-8.. 

s 

,R : 

I ■ ^ ■ :l 

R 

R 

R 

s 

s 

s „ 

. I 


‘ 1 he reaction of spring wheat differential hosts to this race was obtained in 1936 only, and the results are 
therefore not strictly comparable with those recorded for theother races. The results are included, how^ever, 
to indicate particularly the resistance of Ulka to race T-IO.' 

^ Reactions that differentiate jibysioteglc races. are indicated by bold-face tvpe. 
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The results indicate further that certain varieties, completely sus- 
ceptible to a large number of races, may carry factors for resistance 
to others. The spring wheat variety Ulka was originally selected as 
the susceptible check on which to base the relative susceptibility of the 
differential hosts. It was found in later tests that Ulka, although 
completely susceptible to most races, carries factors for resistance to 
T-IO and T-11. It is possible, then, to strain out certain races from 
mechanical mixtures even on what has been generally considered a 
susceptible variety. The races T-10 and T-11 should be noted also 
with regard to their reaction on the varieties Hohenheimer and Ridit. 
Although lacking in factors for pathogenicity on Ulka, T-10 is par- 
ticularly virulent on Hohenheimer, which is liighly resistant to ^ all 
other races except T-9. Hohenheimer is intermediate in its reaction 
to T~9. Likewise T-11, although relatively low in virulence on Ulka, 
is extremely pathogenic on Ridit, which is resistant to all other known 
races. 

As indicated in table 2, a number of races which had previously been 
identified were found to be duphcates. Furthermore, a few^ smut 
collections that had been reported as pathogenically distinct did not 
appear to be so in these tests. Two explanations may be offered for 
these latter results. Either there were mixtures of races of the same 
species in the original collections that were later separated by “varietal 
screening^ ^ (S, ^ 17) or the chlamydospores were of hybrid origin. 
Usually in making collections 50 or more bunted heads are collected 
in each field, and within these collections from single fields mixtures of 
Tilletia tritici and T. leiis are frequently found. This is particularly 
true of collections made in the western half of the hard red spring 
wheat area and in the intermountain area of the Pacific Northwest. 
Pathogenically distinct races also appear to be ecpially well distributed 
in these areas, and it would be surprising if some of the original collec- 
tions did not contain race mixtures. Since the time the inoculum 
used ill the present tests was obtained from the original iiivestigators 
there has been opportunity for varietal screening of races, for each 
year inoculum for subsequent tests has been collected from a single 
differential host. Assuming there were race mixtures in the original 
collection this would tend to purify the inoculum, and consequent!}^ 
results comparable with those reported originally would no t he obtained. 
Hybridization might also account for the inconsistencies referred to. 
Relatively little is known regarding the genetics of the bunt fungi; 
but Flor (4) has shown that interspecific and intraspecific hybridiza- 
tion may take place in Tilletia^ so there is a possibility that the chlam- 
ydospores of the original collection were of hybrid origin. Segre- 
gates carrying different factors for pathogenicity may have been 
separated in the process of varietal screening, which would likewise 
account for the differences in the reactions obtained with the original 
collection and those in the present tests. 

One of the principal objects in standardizing the race numbers and 
in identifying new races has been to utilize them in the breeding pro- 
gram for the development of smut-resistant varieties of wheat. It is 
probable that with the present technique for differentiating these races 
of Tilietiawiim factors governing pathogenicity are being overlooked. 

22709— 3T — ~2 ' ■■■ ' ■ ■ '■ 
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Wteii new differential hosts are obtained and wlien tests are made 
under controlled eiiYironmental conditions not only - during the time 
of infection but also during subsequent plant growth, more of these 
^'border-line” races may be differentiated. However, from^ the 
practical point of view, in the development of smut-resistant varieties 
from the present stock of parental wheats it would seem unnecessary 
to have to take into account races having these minor differences. 
For example, from the data recorded in table 1, Oro is shown to be 
resistant to all races except L— 8 while Kidit is resistant to all except 
T-ll. It would be expected, then, that certain progeny from 
Oro X Ridit would carry factors for resistance to all races. Similarly, 
as indicated in the data in table 1, resistant progeny should be obtained 
in crosses of Oro or Ridit with Hussar and Hohenheimer. 

Mthough ill tins paper emphasis has been placed on the separation of 
races on the basis of pathogenicity, in studying the inoculum of differ- 
ent collections and the effect on the host plant it was obvious that 
there were other criteria- by which a number of races could be iden- 
tified. They include differences in the size, shape, and hardness of 
the smut balls, in the degree of reticulation of the chlamydospore 
walls, in the color of the chlamydospore mass, in the degree to which 
certain varieties of wheat are stunted, in the partial smutting of 
certain varieties, in the degree to which the various races cause 
dropping of the awns of the variety Ulka and, lastly, in the degree to 
which they cause laxness in the spikes of infested plants, particularly 
when grown under greenhouse conditions. Certain of these differences 
were noticed not only between the races found to be pathogenically 
different but also between collections which, with the present tech- 
nique, were found to be pathogenically the same. 

REACTION OF VARIETIES raDER DIFFERENT ENVIRONMENTAL CONDITIONS 

Soil-temperature and moisture conditions during the time infection 
may take place (ll) and post-infection temperatures {16) have been 
found to be some of the factors determining the amount of smut 
that develop in a susceptible variety. Furthermore, Aamodt (1) 
reported that when subjected to different temperatures some physio- 
logic races appeared to^ respond differently in infection capability. 
Although the plantings in the present experiments were made at the 
different stations when soil-temperature and moisture conditions were 
believed to be optimum for infection, there obviously would be other 
environmental conditions that would not be constant, such as soil 
type, fertUityj and weather conditions after emergence of the seedlings. 
The question arises, then, as to the constancy of the reaction of the 
differential hosts to the physiologic races at different stations and in 
different yearn. The average percentages of smut produced by the 
11 races of TiUeiui fritici and the 8 races of T, lems at different stations 
and in different years are recorded m table 1. These data indicate 
a fairly close correlation in the reaction of each race on all of the 
wrinter wheat differential hosts at Pullman, Bozeman, and Kearneys- 
ville and in the reaction of three of the four spring wheats at Bozeman 
and Pullman. There are some exceptions. In 1934, ilbit, inoculated 
with T-4, developed only 13 percent of smut at Bozeman* in 1935, 
18 percent at^ Pullman; and in this same year 44 percent at Kearney s- 
ville. Likewise, there was a wide difference in the susceptibility of 
Hussar to race L-T at different stations. In 1935 this variety inocu- 
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lated witli L-7 deyeloped 26 percent of smut at Pullman and 81 per- 
cent at Keariieysville. It is possible that some Yarieties may differ 
ill their susceptibility to certain races of T. tritici and T. Urns when 
grown under different environmental conditions. There is evidence 
that this may be the explanation for the above-mentioned variations. 
As indicated in table 1, Mindum was found to be generally more 
susceptible to certain races at Bozeman than at Piillnian. In the 
same tests, however, the pathogenicity of these races did not vary 
appreciably on other differential hosts. This would indicate that the 
variation in siisceptibility of Albit, Hussar, and Mindum mentioned 
aboA^e is due to the effect of environment on the host rather than on 
the fungus. Furthermore, the environmental effect appears to be 
expressed only in the reaction of certain varieties to certain physiologic 
races. Additional evidence of this kind is presented in table 4. 
Turkey (C. 1. 6175) was found to be decidedly less susceptible to 
races T-1, T-4, and T~6 and to L-l, Lr-2, and L-4 at Kearney syille 
than at Pullman. The reaction with the other races on this Anriety 
were, liOAvever, clearly more consistent. 


Table 4. — Reaction of Turkey (C. L 6175) and Hybrid 128 (C. I, 4512) Jo each of 
8 physiologic races of Tilletia tritici and T. lens at Keariieysville, W. Ya. and 
Pullman, Wash., in 1935 


Piiysio- 
logic race 
of T.triiin 

Percentage of smut at localities indicated 
on— 

Physio- 
logic race 
of T. 
lei'is 

Percentage of smut at localities indicated 
on— 

Turkey 

Hybrid 128 

Turkey 

Hybrid 128 


Kearneys- 

ville 

Pullman 

Xearneys- 

ville 

Pullman 

Kearneys- 

ville 

Pullman 

Kearneys- 

vilie 

Pullman 

T~1 

7 

20 

84 

82 

L-1 i 


48 

89 

92 

T-2 

25 

25 

95 

81 

Ir-2 i 

16 

77 

89 

92 

T-3 J 

84 

93 

86 

92 

L-3 

72 

84 

92 

89 

T-4 

13 

44 

90 

93 

L-4 

10 

48 

S3 

96 

T-5 

87 

90 

93 

91 

L— 5 

71 

80 

83 

8S 

T-6 

5 

30 

94 

91 

L-6 ’ 

74 

89 

89 

93 

T-7 

' 72 

49 , 

81 

90 

L-7 

91 

82 

95 j 

85 

T~8 

87 

85 

86 

95 

L—8 

85 

89 

92 1 

95 


Obviously, this evidence that certain varieties may differ in response 
to races of Tilletia under different enAuronmental conditions is of 
significance in connection Avith the problems discussed in this papei*. 
In order to establish the principle of physiologic specialization within 
the species or to obtain information with regard to the number of 
pathogenically distinct races that may be present in a somewhat 
localized wheat-growing area it would seem justifiable to make tests 
at a single station. However, to more accurately standardize a general 
system of classification of races and to determine their significance in 
a general A¥heat-improA"ement program, the virulence of races must 
be determined in comparative tests made in more than one geograph- 
ical area., . ■ 

DISCUSSION AND CONCLUSIONS 

Eleven physiologic races of TiUetia and eight of T,:lems have 
been separated on the basis of differences in their pathogenicity on 
six A^arie ties of AAunter wheat and four Amrieties of spring wheat. 
Although sufficient data are not yet available to permit a detailed 
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discussion of the distribution of these races, there is^evidence that 
several of the same races commonly found in the Pacific Northwest 
are also present in the hard red spring and printer wheat areas. ^ ^^'itli 
the interehaiige of seed and the opportunity for wind dissemination 
of iiiociiliim it will not be surprising if all the identified races eventually 
become distributed in all of the wheat-grovdng areas of the United 
States. Thus, it follows that the development of a smut-resistant 
variety of wheat is not a locahzed problem that may be solved by the 
developiiient of a variety of wheat resistant to smut collected in the 
immediate vicinity of the station where the breeding work is done. 
In order to thoroughly determine the bunt resistance of varieties, the 
facts emphasize the need of extensive tests conducted in widely sepa- 
rated areas with all of the known physiologic races of the bunt fungi. 
Obviously, the adoption of a standard system of determining the 
number and distribution of physiologic races will aid in the progress 
of this program. 

The number of pathogenically distinct races that may be identified 
from a large number of smut collections depends to a considerable 
extent on the varieties used as differential hosts and on the limits 
of the infection classes, which up to the present time have been more 
or less arbitrarily selected. The races to wliich numbers have been 
assigned very probabh" do not represent the total among the several 
Inmdred collections of both species of TiUstia that were originally 
iiiade. In fact, in preliminary tests with recently made smut collec- 
tions there is evidence of additional races some of which have fairly 
wide differences in pathogenicity. Furthermore, data were obtained 
on the pathogenicity of a number of collections not recorded here 
because of their so-called border-line differences in pathogenicity. 
However, for the time being, in the program for the development of 
smut-resistant varieties of wheat, we are particularly interested in 
those races that have rather wide differences in pathogenicity. 

From the results of these experiments it seems that it should be 
possible to breed varieties of wheat possessing desirable agronomic 
cliaracteristics and a liigh degree of resistance to the known races of 
Tilletia. Oro and Ridit are both agronomically desirable wheats and 
are in eominercial production at the present time. Oro is resistant to 
all of these races exce]A> L-8 and Ridit to all except T~ll. It would 
be reasonable to expect certain progeny from Oro X Ridit to carry 
factors for resistance to all of the known races. Likewise, Hohenheimer 
and Hussar should be of value as parent stocks in the development 
of smut -resistant yarieties. Hohenheimer, though not a commercially 
desirable wheat, is susceptible to only one race and intermediate in 
its reaction to another. Hussar, which is at present being used as a 
parent for both winter and spring wheat crosses, is susceptible to two 
races and intermediate pn its reaction to twm. It seems possible that 
segregates wOl be obtained from crosses with some of these varieties 
in which desirable agronomic characteristics are combined with smut 
resistance to the known races of Tilleiia. 



Oct. 1, 1937 


Physiologic Races oj Tilletia tritici and T, levis 


495 


SUMMARY 

Twenty-four collections of Tilletia trilici and 29 of T. levis, each of 
which had been identified as a distinct phj^siologic race by previous 
investigators, together with a number of miscellaneous conections of 
both species, have been tested under comparable conditions at several 
experiment stations. Under the conditions of these experiments a 
number of the collections appeared to be duplicates. Eleven physio- 
logic races of T. triiiei and eight of T. levis were patliogenicall}'' distinct 
and have been assigned letters and race numbers T-1 to T-11 and 
L-1 to L-8, respectively. 

The value of using both winter and spring wheat varieties as differ- 
ential hosts is emphasized. With the varieties used in these experi- 
ments certain races may be differentiated on winter wheats alone, 
some by their reaction on spring wheats, and certain others by their 
reaction on the combination of both winter and spring varieties. 

The spring wheat variety Ulka, although complete!}^ susceptible to 
most races, carries factors for resistance to at least two races. It is 
possible, then, to strain out certain races from mechanical mixtures 
even on what is generally considered to be a completely susceptible 
variety. 

A number of physiologic races differed in characteristics other than 
pathogenicity. They include certain morphological variations in 
clilamydospores and smut balls and in color of the spore mass and 
certain differences in their effect on the host plants as regards stunting, 
dropping of the awns, and degree of laxness in the spikes. 

Turkey (C. 1. 6175) and Mindum (C. I. 5296) were found to differ 
in susceptibility to certain races of both species when grown under 
different environmental conditions. This variation appears to be due 
to the effect of environment on the host rather than on the fungus and 
is expressed only in the reaction of certain varieties to certain physio- 
logic races. 

There are several agronomically desirable wheat varieties that are 
highly resistant to a large number of the known physiologic races of 
Tilletia tritici and T. levis. No two of these varieties are susceptible 
to the same race. It should be possible, therefore, to obtain hybrids 
in which factors governing resistance to all races of Tilletia are com- 
bined with those governing other desirable agronomic characters. 
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FUSAEIUM RESISTANCE IN WISCONSIN ALL SEASONS 

CABBAGE’ 


By L. M. Blank - 

Assistmit pathologist^ Division of Fruit and Vegetable Crops and Diseases^ Bureau 
of Plant Industry, United States Department oj Agriculture 

INTRODUCTION 

The control of the yellows disease of cabbage {Brass ica oleracea L.) 
has been effected through the development of varieties of cultivated 
cabbage (B, oleracea capitata L.) that are resistant to the soil-borne 
parasite^ Fusarium congtutinans Wr. Wisconsin All Seasons, one of 
the first of the yellows-resistant varieties developed, was released 
for commercial distribution in 1920 {&)? The parent strain (XXV*- 
7“2s) was a progeny derived from the self-pollination of a plant of the 
variety All Seasons which had remained free from disease on yellows- 
inf ested soil in the Wisconsin field trial of 1 9 1 6 . Trials of this progeny 
in the field in 1917 and 1918 gave 5 and 1 percent disease, respectively, 
w^hile All Seasons showed 80 and 60 percent, respectively. Heads 
selected from this strain served as the foundation stock from which 
the resistant variety Wisconsin All Seasons was derived. This variety 
is widely used for sauerkraut manufacture in the Middle West and 
consistently shows a high percentage of disease-free individuals on the 
most severely infested field soils. 

Kecent studies with Wisconsin Hollander (f) have showm that it 
did not contain the single dominant gene for resistance to yellows, as 
has been described in a number of the resistant varieties of cultivated 
cabbage, in brussels sprouts {Brassica oleracea gemmijera DC.), in 
kohlrabi {B. oleracea caulo-rapa DC.), and in wild cabbage {B. 
oleracea) (Bf 8, 5, 10, 11). Resistance to Fusarium m Wisconsin 
Hollander is apparently due to a number of factors, cumulative in 
effect, vrhich control a type of resistance that is effective at moderate 
soil temperatures but not at constant soil temperatures of about 24° C. 
Resistance in the other investigated varieties of cabbage and allied 
forms is due to a single dominant factor and remains effective at soil 
temperatures of 24° and slightly above on heavily infested sods. 
This type of resistance is designated as type A. The other, mani- 
fested by Wisconsin Hollander, is designated as type B. The chief 
difference between the two types, on which the technique of distin- 
guishing them is based, is that type A is due to a single dominant 
gene, whereas type B is more complex genetically. Plants of type A, 
when crossed with a very susceptible line, yield Fj progenies that 
remain free from yellows when grown on infested soil at a constant 

1 Received for publication J an . 18, 1937 ; issued October 1937. Cooperative investigations of the Division of 
Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, XJ. S. Department of Agriculture, and 
tbe Department of Plant Pathology, University of Wisconsin. 

2 Acknowledgment is gratefuUy made of valuable suggestions and criticisms by J. G. Walker, professor 
of plant pathology, University of Wisconsin, and agent. Division of Fruit and Vegetable Crops and Diseases. 

3 Reference is made by number (italic) to Literature Cited, p. 510. 


Journal of Agricultural Research, 
■Washington, D. C. , 


( 497 ) 


Vol,55no.7 
Oct. 1,1937 
Key no. G-1063 



498 


Journal oj Agricultural Research 


Vol. 55, no, 7 


temperature of 24°. Plants of t^^pe B so crossed yield progenies 
that succumb to the disease on infested soil at 24°. ^ 

Wiscoiisiii All Seasons has never been examined critically as to the 
nature of its resistance. The studies herein reported were under- 
taken to determine the nature of resistance in this variety and to 
improve the variety in imiformity and in other characters. 

MATERIALS AND METHODS 

The cabbage material from which selections were made represented 
two strains of the resistant variety Wisconsin All Seasons (WAS-l 
and WAS-2). Other lots used for comparative purposes included 
two lots of the susceptible variety All Seasons (AS-1 and AS-2), a 
highly susceptible commercial variety of Danish Ballhead^ and a 
homozygous susceptible line (77- series) derived from a Flat Dutch 
variety. As the result of numerous field and greenhouse trials, the 
last two lots of material were knowm to be very highly susceptible to 
the yellows disease and apparently carried little or none of type B 
resistance. Individuals from the 77- line were used as a source of 
pollen for crosses. Throughout the discussion of results this line will 
be referred to as a highly susceptible line of cabbage. 

The material used for breeding purposes was handled in the manner 
described by earlier writers {11). Controlled pollination was effected 
in the greenhouse, where flowering branches were covered with glassine 
bags to reduce the chance of contamination by other pollen. Field 
trials were conducted on thoroughly infested soil in Eacine and 
Kenosha Counties, Wis. Seedbeds were planted on yellows-free soil, 
and the seedlings were transplanted to the trial plot during the early 
part of July. The development of disease symptoms was followed 
throughout the season, bamboo stakes being used as permanent 
markers of plants showing external symptoms of the yellows disease. 

To supplement the field studies, additional trials were conducted on 
yellows-infested soil in the greenhouse. Artificially inoculated soil 
(prepared by adding corn meal-sand cultures of the }mllo ws organism 
to yellows-free soil), naturally infested sod from Racine County, or a 
mixture of the two types of soil was used. Thorough infestation of 
the several soils was evident from the reaction of susceptible seedlings 
used ill each greenhouse experiment. The trials were conducted under 
semicon trolled and controlled soil temperatures. In the first case, the 
seedlings were transplanted to benches or flats containing yellWs- 
mfested soil and a soil temperature favorable for disease development 
was attained by adjusting the surrounding air temperature of the 
house. Wide fluctuations in the soil temperature occurred, but in 
general _a temperature favorable for the expression of disease symptoms 
wasmamtamed. Controlled soil temperatures were secured by the use 
of Wisconsin soil-temperature tanks. - - 


EXPERIMENTAL RESULTS 

. During the early progress of the work it was observed that in the 
neici tnals of the progenies from self-pollination there was a marked 
defaciency of diseased individuals in supposedly homozygous suscep- 
tible (rr) progenies ^d in segregating (Er) progenies. It was evident 
that there exists in Wisconsin All Seasons a condition in some respects 
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similar to that observed in Wisconsin Hollander by Anderson {!) 
(type B resistance). The inheritance of type A resistance and of 
type B resistance is discussed separately in the following sections. 

TYPE A RESISTANCE 
Fi Progenies 

The initial head selections were made from two lots of the Wiscon- 
sin All Seasons variety in 1931 and 1932. The heads selected in 1931 
represented plants of the best type from a population that had been 
subjected to severe selection for resistance in a yellows trial conducted 
in the greenhouse; some of those selected in 1932 were from a yellows- 
infested fieldj others from a yellows-free field. The seed grown from 
the heads selected in 1931 and 1932 was produced under conditions of 
controlled pollination in the greenhouse in 1932 and 1933, respectively. 
Some of the blossoms on each plant were self-pollinated and some were 
crossed with pollen from a highly susceptible line. 

The Fi progenies from self-pollination were tested in the field in 
1933, and certain of the lines were retested in the field trials of 1934 and 
1935. The progenies of crosses were tested almost entirely in the 
greenhouse, although several were included in the field trials. 

The results of trials in the field, in the greenhouse under semicon- 
trolled soil temperatures, and in the soil-temperature tanks are con- 
sidered separately (table 1). On the basis of their disease reaction 
under controlled conditions, the Fi progenies have been grouped into 
three classes according to the apparent genotype of the parent plant. 
The homozygous-susceptible (rr) class includes those plants the 
progenies of which comprise only susceptible individuals. The 
heterozygous-resistant class (i?r) includes those plants the progenies 
of wdiicli, from self-pollination, show' approximately 25 percent of the 
individuals diseased and, from crossing with a homozygous-susceptible 
line, approximately 50 percent of the individuals diseased. The 
homozygous-resistant class {RR) of plants yielded no significant 
number of susceptible individuals in the Fj progeny either from self- 
pollination or from crossing with a homozygous-susceptible line. 

Table 1. — Behavior of Fi 'progenies of selected plants showing type A resistance to 
Fusarium in field and greenhouse 


Progenies from self-pollination 


Progenies from cross of selected 
plant with susceptible line 


Conditions of test 


Field. 


Greenhouse, semicon- 
trolled-— — 

Greenhouse, controlled 
( 24 ^^ 0 .)— 


Genotype of 
parent plant 

Prog- 
enies . 
tested 

Total 

plants 

Diseased 

plants 

Prog- 

enies 

tested 

Total 

plants 

Diseased 

plants 


Number 

Number 

Percent 

Number 

Number 

PerceM 

rr .... 

11 

440 

27 

3 

■ 142 

54 

Rr... 

27 

2,017 

5 




RR 

9 

460 

‘ 2 




TT 

2 

63 

92 

4 

227 

98 

Rr.. ..... 

20 

2, 715 

19 

34 

, 3,445 

■' " ■ 46 

RR.. ......... 

2 

181 

0 

■ 9 

624 

• "'O 

TT..... 

■■■ 7 

218 

91 ■ 

, /8 

643 

98 

Rr ..... 

21 

1,463 

22 

16 

1,152 

. 48 

RR.. ......... 

■ ■7-: 

200 ’ 

0 

6 

236 

0 
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It soon became evident that the genotypes could not be distin- 
guished on the basis of field trials alone. However, under the more 
favorable conditions for the disease in the greenhouse trials, both 
semicontrolled and controlled, the genotypic constitution of plants 
could be determined quite accurately on the basis of progeny tests. 


F. Progbxies 

From 19 of the Fi selfed progenies selections were made for seed 
production representing the three genotypes of type A resistance, 
and Fo selfed seed was secured from 108 of the Fi plants. From 103 
of the'plants seed was obtained from a cross with susceptible plants. 
The Fa selfed progenies and the Fi progenies from the susceptible 
crosses' were tested in the field, some of them during two successive 
seasons, as well as in the greenhouse. The disease reaction in the 
greenhouse trials showed that they were derived from mother plants 
representing one or another of the three genotypes (table 2). Lack 
of expression of disease symptoms was very evident in certain of the 
progenies in the field trials, preventing an accurate determination of 
the niunber of individuals in the susceptible class. _ However, when 
such progenies were tested in the greenhouse this difficulty was 
largely overcome. Selections from Fi_ selfed progenies which had 
been 'classified as homozygous for resistance w^ere foimd to yield 
completely resistant Fa families. 



From the selfed Fa material in the field trials, selections were made 
chiefly from the homozygous-resistant lines. Inasmuch as resistance 
had been established in a homozygous form in many of the plant lines, 
the selections vrere secured frora those lines that appeared to approach 
most nearly the ideal type of Wisconsin All Seasons. The plants were 
paired in the greenhouse, sib crosses were made, and on many of the 
plants a cross with a very susceptible line was also ndade. The sib- 
cross progenies were tested for yellows reaction in the field, and all 
remained free of disease symptoms with the exception of three of the 
progenies, in each of which one yellows plant was found. Further 
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study in the greenhouse of these progenies and of the corresponding 
susceptible-cross progenies revealed that one of the parents in each 
of the sib crosses was heterozygous for resistance, apparently due to a 
chance contaiiiination in the Fo generation with pollen of a susceptible 
line. . 

The results presented indicate that a certain percentage of individ- 
uals of the Wisconsin All Seasons variety carry the factor for type A 
resistance. However, it was pointed out that in the initial selections 
from this variety a large percentage of the individuals cariwing only 
type B resistance were probably eliminated b^^ exposure to liigh soil 
temperatures. A majority of the individuals surviving this treatment 
were either heterozygous or homozygous for the type A gene (E). 
However, certain of the progenies classed as homozygous recessive for 
this gene (rr) on the basis of their greenhouse reaction were highly 
resistant in the field. In the Fg selfed progenies having this consti- 
tution, only 2 percent of the plants became diseased in the field as 
contrasted with 93 percent diseased at a soil temperature of 22° to 
24° C. in the greenhouse. Resistance in these lines was comparable 
to that described by Anderson (1) in Wisconsin Hollander and is 
discussed as type B resistance in the following section. 

TYPE B RESISTANCE 

As pointed out by Anderson (f), the expression of type B resistance 
is most pronounced at the lower soil temperatures on infested soil in 
field and greenhouse. It was observed that the progenies in Wis- 
consin xHl Seasons that were heterozygous or homozygous recessive 
for type A resistance commonly showed a percentage of diseased 
individuals lower than the theoretical, particularly in field trials in 
wliich commercial susceptible varieties and very susceptible selections 
from a variety other than Wisconsin All Seasons consistently showed 
a high incidence of disease. Inasmuch as the presence of type A 
resistance in any progeny obscures the expression of type B resistance, 
the studies herein reported were confined to the progenies that were 
homozygous for the recessive gene, r. 

In table 3 are presented results of field and greenhouse trials of lines 
of Yv’isconsm All Seasons in which type A resistance was lacking. In 
the field trials the progenies showed a range from all plants diseased 
(25-67 selfed and 25-117 selfed) to complete freedom from apparent 
symptoms. Several of the susceptible-cross progenies included 
in the field trials showed a lower degree of resistance than did the 
selfed progenies of the female parents of those crosses. When sub- 
jected to trials in the greenhouse the progenies gave a much closer 
approximation to the expected amount of disease than was obtained 
in the field trials, showing the important influence of soil temperature 
in the expression of type B resistance. In order to secure additional 
data concerning the effect of soil temperature on tins type of resistance, 
experiments w^ere conducted in the soil-temperature tanks over a 
range of soil temperatures. The expression of symptoms increased 
with rise in soil temperature, not only in percentage of plants diseased 
but also in the severity of disease manifestation. The influence of 
soil temperature upon the rate of disease development and severity 
of expression is illustrated graphically in figure 1. 




•TIME lOAYS) , twE .(DAYS) 


Figure 1. (See l^end on opposite page) 
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Table 3. — Occurrence of disease in Fi progenies of Wisconsin All Seasons cabbage 
homozygous recessive for type A resistance to Fusarium but carrying various 
degrees oj type B resistance 


Parent 
plant no. 

Progenies from self-pollination of 
selected plants 

Progeiies from cross of selected plant 
with homozygous susceptible line 

Field trial 

Greenhouse, 

semicon- 

trolled 

Greenhouse, 
controlled 
(24° C.) 

Field trial 

Greenhouse, 

semicon- 

trolled 

Greenhouse, 
controlled 
(24° C.) 

® 

c tS 
^ G 

^ s 

® S3 

5 

o § 


r-t W 

O OJ 

G 

^3 

O so 
tn 

ce d 
® 3 

g 

'5-a 

O) M 

SO ri 
cj 

® fiS 

,—4 r/i 

^ G 

S'" 

o 3 

cn ' 
csS S 

25-28...... 

fl933 

11934 

J1933 

11934 

1933 

1933 

/1933 

11934 
11933 
^934 

11935 
1933 
1933 
(1933 
h934 
11935 
1933 
1933 

1933 

1934 
1934 

1 1934 

1 1934 
if 1934 
11935 
1/1934 
11935 
/1934 
11935 
1934 
[1934 
11935 

Num- 
ber 
■ 22 

2 

52 

9 

9 

11 

52 
11 
62 
18 
12 
56 
14 

53 
27 

7 

12 

21 

23 

25 

25 

17 

51 

46 

30 

65 

46 

74 

30 

44 

68 

Per- 

cent 

0 

0 

27 

11 

78 

0 

65 

27 

25 

22 

25 

14 

100 

6 

0 

0 

8 

57 

100 

0 

0 

0 

0 

22 

80 

18 

39 

4 

27 

7 

0 

Num- 

ber 

\ 

Per- 

cent 

Num- 

ber 

33 

31 

12 

Per- 

cent 

97 

94 

100 

fl934 

11935 

1934 

Num- 

ber 

19 

37 

34 

Per- 

cent 

0 

57 

76 

Num- 

ber 

} ®‘ 

20 

Per- 

cent 

86 

85 

Num- 

ber 

126 

200 

49 

65 

Per- 

cent 

97 

99 

100 

98 

25-46 

/ 

) 


25-52 

i 


25-53 








25-54... 

\ 


73 

lOO 






25-58 

f 







77 

33 

99 

97 

25-60... . 

( 

26 

96 

48 

67 




63 

87 

25-67... 




25-68 

}3. 

89 



/1934 

11935 

28 

24 

32 

83 


94 

69 

24 

97 

96 

25-73 

11 
10 : 

91 

100 

25-79 








25-117.. 










25-136 



45 

35 

5 

104 

114 

185 

44 

62 

96 
86 i 
80 ; 
80 

95 

89 

93 

98 




51 

35 

33 

26 

126 

189 

124 

139 

48 

100 

100 

100 

100 

90 

98 

91 

87 

94 

32 

'“iW 

25-137.. 






25-139 






59 

24 

29 

99 

45 

24 

97 
100 

100 

100 

98 

lOO 

25-141 

6 

1 .... 

50 




25-152. 




25-193 

} 223 

} 30 
124 
} U6 

80 

70 

62 

57 

1935 

1935 

70 

46 

94 

70 

25-205 

25-212 

25-218 . 




j 

39 1 U 









Progeiiv 25-242 selfed was homozygous for type A resistance and 
remained free of disease symptoms throughout the trial. Progeny 
7 7-34- A was a very susceptible line, resulting from a cross between 
several plants that were used as the source of pollen in the susceptible 
crosses and that were homozygous susceptible for type A resistance. 
Progeny 77-34-A was practically free from type B resistance as indi- 
cated by the rapidity and severity of disease development. Selfed 
progenies 25-152, 25-193, and 25-141 were homozygous susceptible 
for type A resistance, but accordmg to field trials (table 3), carried 


Figure 1.— Comparison of four progenies (25-141 selfed, 25-141 X 77-, 25-152 selfed, and 25-193 selfed) 
of Wisconsin All Seasons cabbage, showing type B resistance to yellows, with a very susceptible line 
(77”34~A) and with a progeny (25-242 selfed) homozygous for type A resistance, grown on Fusarium- 
infested soil at constant temperatures of 18° and 24° C . A and B, Incidence of disease (total affected plants) 
at 18° and 24°, respectively. The rate of development of symptoms is most rapid at the higher soil tem- 
perature. C and JO, Severity of disease (plants dead) at 18° and 24°, respectively. At the lower soil 
temperature the very susceptible line (77-34-A) succumbed prompitly, whereas the progenies carrying 
type B resistance varied in the rate and severity of disease development. At 24° these progenies suc- 
cumbed, though less rapidly than did the very susceptible line. Tbe hybrid progeny (25-141 X 77-) 
between plants high and low in degree of type B resistance was intermediate in its disease reaction 
between that of the parents . Progeny 25-242 selfed was homozygous for type A resistance and remained 
free of disease symptoms throughout the duration of the experiment. 
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different degrees of type B resistance. At both 18° and 24° C., these 
lines showed more resistance than did 77— 34-A and maintained the 
same relatiTe position as to degree of resistance that they had in the 
field trials. At 18°, 25-141 selfed showed but 61 percent of the plants 
diseased and none dead, whereas at 24° aU plants were diseased and 14 
percent were dead at the conclusion of the experiment. The suscep- 
tible-cross progeny of plant 25-141 gave a disease reaction inter- 
mediate between that of 25-141 selfed and 77-34-A, substantiating the 
evidence that, to some extent, tjTie B resistance was transmitted to 



Figure 2,~Coinparison of three lots of cabbage showing varying degrees of type B resistance; trial on 
naturally infested soil in Kenosha County, Wis., in 1935. .4, Progeny 25-425S, F 2 inbred generation, 
remained free of apparent sjuiptoms. B, i^ogeny 25-462 X 77-, a cross of an F 2 plant with a very sus- 
ceptible line, showed 17 plants diseased in a population of 50; of the diseased plants, 16 were only slightly 
affected and 1 was dead. C. A commercial susceptible line of the Danish Ballbead type; practically all 
of the plants were diseased, with the majority either severely diseased or dead. The same progenies at 
a constant soil temperature in the greenhouse are shown in figure 3. 

and expressed in the Fi hybrid of a cross between hnes high and low in 
expression of this character. 

From certain of the lines with type B resistance, hidividuals were 
selected in the 1933 field trials that had failed to show symptoms. The 
F 2 inbreds remained, with one exception, entirely free from symptoms 
in the field (fig. 2), and displayed a degree of type B resistance equal 
to or exceeding that of their parental Imes (table 4). This result was 
anticipated, inasmuch as the F 2 inbreds were secured from Fi plants 
that had remained free from disease in the field and that presumably 
had carried more t3rpe B resistance than did sister plants that had 
manifested symptoms. In the field, progenies from the crosses with 
susceptibles showed disease ranging from 5 to 73 percent. The 
behavior in the field of the F 2 progenies from self-pollination and the 
ppgenim of susceptible crosses indicated that type B resistance was 
'dispeiBed to extent when a cross was made with plants carrying 
ittle or none of this resistance. In the greenhouse the resistance of the 
% inbreds was broken down (fig, 3). 
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Table 4. — Occurrence of yellows in F 2 and Fz progenies selected from plants free 
from type /I resistance to Fusarium but exhibiting type B resistance 


Parent 

progenj^ 

no. 


25-58s-._ 

25-6SS.... 

25-46S.... 

25-262S... 

25-265S--. 

25-275S..- 


Generation 
and prog- 
eny no. 


Fe 


25-265-. 

25-275- . 

25-423-. 
25-424.. 
25-425-. 
/25-411-. 
1 25-412- . 


progeny from self-pollination 


Field trial 


/1934 

11935 

(1934 

\1935 

ri934 

11935 

1935 

1935 

1935 

1935 

1935 


Fs 

(25-461. ! 

\25-462 1 1935 

25-465 ! 1935 

(25-468 i 1935 

125-472 ! 1935 


No, 

57 

19 

16 

2 

53 

38 

26 

14 

36. 

22 

14 


Pet 

0 

0 

0 

0 

0 

0 

0 

0 

0 

9 

0 


Green- 

house, 

semicon- 

trolled 


No. Pet. 

i 10 80 


99 


138 i 


158 

95 


Green- 
house, 
controlled 
(24° C.) 


No. 

48 

36 


43 


Progeny from cross of inbred Fi or Fs 
with a homozygous susceptible line 


Field trial 


Green- 

house, 

semieon- 

irolled 


Pet 

56 

86 


1935 


1935 

1935 I 
1935 i 


-Vo. 

26 


1935 ! 21 


Pet. i Vb. 
73,1 37 


Pet 

100 


Green- 
house, 
controlled 
(24° C.) 


No. 

43 

29 


37 ; 86 

158 : 96 !. 

127 I 88 i 50 


5 I 55 : 95 i 41 
, — ! 33 i 73 I 


87 I 
93 1 


— I ! . 53 ! 96 

1935 ! 50 34 i 175 ! SO 


Pet 

100 


100 

'ioo 


86 


Several of the F 2 progenies were carried through another generation. 
Although the number of progenies involved was small, there was 
evidence that type B resistance was relatively stable through three 
generations of self-pollination (fig. 4). As usual in greenhouse trials, 
type B resistance was broken down upon exposure of seedlings to 
liigher soil temperatui'es. 

T-4BLE 5, — Occurrence of disease in F 2 progenies of a cross between plants carrying 
type B resistance and a very susceptible plant 


Cross no. 


Fi prog- 
eny no. 


25-28 X 77-— 


25-46 X 77-.'— 


25-68 X 77--.- 


(25-401— 

25-402— 

425-403... 

25-404— 

■125-405— 

{ 25-415.-. 
25-417— 
25-418-,. 
25-419— 
25-420... 
(25-426— 
12.5-429.-. 


Fa progenies from self-pollination 


Progeny from backcross with homo- 
zygous susceptible line 


Field trial 

Green- 

house, 

semicon- 

trolled 

Green- 
house, 
controlled 
(24° C.) 

Field trial 

Green- 

house, 

semicon- 

trolled 

Green- 
house, 
controlled 
(24° C.) 


CG 


W 


w 




■P 


p 


•P 



© 

p 

© 

fl 

© 


d 

© 

d 

a> 

d 

© 


CB 


a 

OQ iS 

ffl 





d 


as 



P. 

Si 

p 


p 

S i 


p 


p 

Si 

P 

Si 


1 

0 


S 

0 

.«p 

"o 


Ci 

3 

0 

.SS ft 

s 

0 

.^Sft 

3 

0 

.«p 

X* 


fi 

ip 

fi 


fi 



Q 

Eh 

fi 


fi 


No. 

Pet, 

No. 

Pet. 

No. 

Pd. 


No. 

Pet. 

No. 

Pet. 

No. 

Pet. 

1935 

26 

54 













1935 

30 

37 














19^ 

26 

73 



45 

100 



1935 

■38 

87 



45 

100 

1935 

30 

33 



35 

100 

1935 

28',' 

93 




1935 

25 

8 



27 
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From the progenies of crosses of plants 25-28, 25-46, and 25-68 
with snsceptibles, selections were made of those progenies that showed 
in the 1934 field trial 0, 76, and 32 percent plants diseased, respectiYely 
(table 3). Seed was produced from the selected heads, and the re- 
sults of the resistance tests are presented in table 5. 

DISCUSSION 

The object of this inYestigation was to determine the nature and 
inheritance of resistance to Fusarium in the Wisconsin All Seasons 
variety of cabbage. The presence of type A resistance, due to a 
single dominant gene, was demonstrated in inbred progenies from 
many of the plant selections. This was in accord with the results of 
other workers on other varieties of cabbage and certain of the sub- 
species of Brassica oleracea. However, it was found that in Wiscon- 
sin All Seasons there was also a second type of resistance, referred to 
as type B. The latter type is apparently similar to that described 
by Anderson for Wisconsin Hollander, in which type A resistance is 
lacking. Type B resistance is characterized by an optimum manifes- 
tation at the lower soil temperatures, but at the higher soil tempera- 
tures it breaks down and the plants succumb to the disease. This 
response to soil temperatures made it impossible to differentiate 
accurately between the two types of resistance in field trials and 
necessitated trials under conditions of higher soil temperatures in the 
greenhouse. 

Inasmuch as the presence of type A resistance, either in the homo- 
zygous dominant (RR) or heterozygous (Rr) form, obscured the mani- 
festation of the presence of type B resistance, it was necessary to 
work with progenies that were homozygous recessive (rr) for type A 
resistance. Such progenies varied greatly in the degree of type B 
resistance, showing a range in the 1933 field trials from all plants 
diseased in two of the progenies to complete freedom from symptoms 
in other progenies. Selections from Fi progenies, which apparently 
carried a considerable degree of type B resistance, yielded F2 and F3 
progenies that maintained a high degree of such resistance in succeed- 
ing field trials. Nevertheless, the resistance of all was capable of 
being broken down imder greenhouse trials, where more severe con- 
ditions prevailed. It was observed, however, that the progenies 
tested in the greenhouse displayed the same relative degree of type B 
resistance as was shown in the field trials. The presence of type B 
resistance was manifested in greenhouse trials by the delayed devel- 
opment of symptoms and their less serious expression. In some of 
the progenies showing a high degree of type B resistance it was only 
by prolonged exposure at the higher soil temperatures that a complete 
or nearly complete break-down of resistance could be secured. 

Figuee S.—Comparison of the three lots of cabbage shown in field trials in figure 2, when grown on infested 
soil in the greenhouse at a controlled soil temperature of 23° C.; photographed 19 days after being trans- 
planted- n, Progeny 25-425s: 77 percent diseased and 28 percent dead. B, Progeny 25-462 X 77-, a 
susceptible cross of an Pa plant: 79 percent diseased and 63 percent dead- C, A commercial susceptible 
line of the Danish Ballhead type: 100 percent diseased and 88 percent dead. The relative resistance shown 
in the field trials was maintained; but the infection conditions were more severe, and all plants finally 
succumbed to the disease. 

Figure 4.--Comparison of two lines of cabbage, both homozygous for the recessive gene (r) for type A 
resistance but differing in the degree of tsrpe B resistance. D, Dine 77-, in which there is little or no type 
B resistance. '"A^ B, and C, The Pi, Fs, and Fa progenies (25-58, 25-262, and 25-462), respectively, of a line 
in which a high degree of type B resistance ocemred. In the field trials there were 25, 0, and 3 percent 
plants diseased in the Fi, Fa, and Fa progenies, respectively, but these progenies showed close to 100 per- 
cent of plants susceptible at a constant soil temi^erature of 24° C. (tables 3 and 4). 

, 22709—37 -3 ' 
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111 lines of cabbage carrying both type A and type B resistance, the 
latter type is distinguishable only in those individuals that may segre- 
gate as honiozygoiis recessives for type A resistance. That type B 
resistance is of importance is evident in the behavior of the resistant 
variety Wisconsin All Seasons. On thoroughly infested soil in Wis- 
consin this variety seldom shows as much as 10 percent disease; 
whereas, when tested at high soil temperatures (24® C.) in the green- 
house, it may show as liigh as 30 percent disease. Under field condi- 
tions there are apparently a considerable number of homozygous 
recessives for type A resistance that contain a sufficiently high degree 
of type B resistance to enable them to remain free of apparent disease 
symptoms. Wisconsin Hollander, a variety of cabbage that carries 
only type B resistance, illustrates the effective value of the latter in 
seasons when temperatures are moderate. Conversely the ineffective- 
ness of type B resistance is very evident in Wisconsin Hollander 
during seasons of high soil temperatures, when a major part of the 
crop often becomes diseased. 

Evidence of the presence of what we now refer to as type B resist- 
ance may be had by an examination of earlier studies on inheritance 
of resistance to Fusarium in cultivated cabbage and in other sub- 
species of Brassica oleracea. Walker (8) earlier pointed out that dif- 
ferences ill the rate and severity of disease development occurred 
among various susceptible progenies in certain cabbage varieties and 
that in addition to the main gene for resistance there might be heredi- 
tary factors which would modify the expression of the disease. In 
the light of present knowledge it is reasonable to believe that many 
of the |dant lines which displayed a considerable number of plants in 
the “mildly susceptible^’ or “recovered” classes were expressing type 
B resistance. 

^ The extent to which type B resistance can be concentrated in any 
given line of cabbage is problematic. The results of present studies 
indicate that a high degree of type B resistance was maintained through 
three generations by self-pollination. 

The inheritance of resistance to other vascular Fusaria has been 
studied in the pea (Pisum saMvum L.), in flax {Linum mitatissimum L.), 
and in cotton iGossypium spp.). Wade (7) working with a number of 
varieties of canning peas, found that resistance to fusarium wilt 
(Fusanujn orthoceras var. pisi Linford) was based on a single domi- 
nant gene. There is very little suggestion in his results of a condi- 
tion similar to that due to type B resistance in cabbage. As a result 
of studies on the inheritance of resistance in flax to wilt (F. Uni 
Bolley) Burnham (8, pp. 788, 748) said: 

The fact that there are strains that apparently breed true for different degrees 
of wilting may be taken as evidence that several factors are concerned in wilt 
resistance. One might assume different genetic complexes for the various degrees 
of resistance; and, further, that each has its ovrn normal curve of variation in 
ae\ei<^nient of the resistant property. Under different environments different 
proportions of the least resistant side of the curve would succumb. The occur- 
rence of some wilt in resistant lines which probably are homozygous, makes 
genetic analysis of the crosses more difficult. * * * Crosses between certain 

resistant lines of dffierent origin showed a high percentage of wilt, indicating that 
they may carry different factors for resistance. 

Bumliam (S) found in gonoral thd»t flax families showing high or low 
percentages of wilt in the field gave the same reaction in the green- 
house, winch IS similar to the behavior of cabbage lines with tvpe B 

resistance. 
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Studying the inheritance of resistance to fusarium wilt {Fusarium 
vasinjectum -var. aegyptiacum Fahmy) in a number of varieties of 
Egyptian cotton, Fahniy (5) concluded that resistance and suscepti- 
bility are hereditary characters, immunity being dominant and appear- 
ing to give a simple Mendelian segregation. In crosses between im- 
mune plants and highly susceptible ones, he found in the F 2 genera- 
tion three immune to one susceptible when plants that showed mild 
symptoms and recovered, as well as plants that succumbed, were con- 
sidered as susceptible. The class that Fahmy designated as resistant 
included plants which showed typical leaf mottling in the seedling 
stage but which recovered and developed into apparently normal 
plants. In the adult stage such plants commonly showed a restricted 
darkening of the vascular cylinder of the root, from which the causal 
organism of wilt could be isolated. Differences were noted by Falimy 
in the rate of development of symptoms in the different lines studied. 
It is probable that in the material studied by him there were modify- 
ing factors for resistance, similar to type B resistance in Wisconsin 
AU Seasons cabbage, as well as resistance controlled by a single 
dominant gene. 

Edgerton and Moreland (4) made no attempt to determine the 
inheritance of resistance to Fusarium in the tomato, but their results 
indicate that in the material they observed resistance is probably of 
the intermediate type, similar to type B resistance in cabbage. It is 
of significance to note that, while the percentage of plants showing 
evident (external) symptoms of wilt in the wilt-resistant tomato 
varieties was rather low, the actual percentage of wdlt-infected plants, 
as determined by the cutting of stems, was much higher. A similar 
condition has been noted in cabbage plants of susceptible progenies 
which may manifest no apparent symptoms throughout the growing 
season but which, on examination of cut stems or roots, may show 
evidence of infection. 

SUMMARY 

This paper reports a study of two types of resistance of the Wisconrdn 
AU Seasons variety of cabbage to the yeUows organism, Fusarium 
conglutinans Wr. Plants w^ere selected from a population that had 
undergone a severe reduction in numbers from yellows as well as from 
a population grown on yellows-free soil. The plants were self-pollinated 
and crossed with homozygous-susceptible plants from a highly sus- 
ceptible line. 

The progenies were tested for yellows reaction on thoroughly 
infested soil in the field and in the greenhouse. The greenhouse trials 
were conducted with semicontrol and control of soil temperatures. 

The Wisconsin All Seasons variety carries at least two types of 
resistance. Type A resistance, due to a single dominant gene, is 
apparently simUar to that described for other varieties of cabbage, 
for brussels sprouts, and for kohlrabi. It remains effective at rela- 
tively high soil temperatures (about 24 C.). Type A resistance was 
demonstrated in progenies of many of the plant selections. It was 
transmitted through the tliree generations of material studied. A 
second tjp^e of resistance, referred to as type B, was also found in 
Wisconsin iUl Seasons. It is apparently similar to that described for 
Wisconsin Hollander, and is complex genetically, apparently influ- 
enced by several genetic factors. It is characterized by having its 
most effective expression at the lower soil temperatures, while at the 
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liiglier soil temperatures of about - 24*^ plants that have only type B 
resistance succumb to the disease. ^ 

Under the conditions prevailing in the field trials, type B resistance 
was effective in different degrees in the ^ several progenies. Some, 
evidently carrying high degrees of such resistance, showed no external 
symptoiiis of the disease; other progenies gave evidence of less resist- 
ance by development of a considerable percentage of mild infection ; 
and still others succumbed promptly to the disease. 

In the greenhouse trials wnth controlled soil temperatures the 
expression of type B resistance was^ suppressed, all progenies even- 
tually succumbing to the disease. Under semicon trolled or fluctuat- 
ing temperatures, "type B resistance was partially expressed, resulting 
in a delayed and less severe development of symptoms of the disease. 

In the greenhouse trials, as in the field, different progenies showed 
differences in rate and severity of disease development, indicating 
various degrees of type B resistance. 

The severity of yellows disease in Wisconsin All Seasons cabbage 
depends on the genetic make-up with reference to type A and to type 
B resistance, on soil temperature, and possibly on other conditions that 
influence the expression of resistance. 

LITERATURE CITED 

(1) Anderson, M. E. 

1933. FUSARIUM RESISTANCE IN WISCONSIN HOLLANDER CABBAGE. JOUT. 
Agr. Research 47: 639-661, illus. 

(2) Blank, L. M., and Walker, J. C. 

1933. INHERITANCE OF FUSARIUM RESISTANCE IN BRUSSELS SPROUTS AND 
KOHLRABI. Jour. Agr. Research 46: 1015-1022. 

■(3) Burnham, C. R. 

1932. THE INHERITANCE OF FUSARIUM WILT RESISTANCE IN FLAX. Jour, 

Amer. Soc. Agron. 24: 734-748. 

(4) Edgerton, C. W., and Moreland, C. C. 

1921, TESTS OF THE WILT RESISTANCE OF DIFFERENT TOMATO VARIETIES. 

La. Agr. Expt. Sta. Bull. 184, 24 pp., illus. 

(5) Fahmy, T. 

1931. THE GENETICS OF RESISTANCE TO THE WILT DISEASE OF COTTON 
AND ITS IMPORTANCE IN SELECTION. Egypt Min. Agr. Tcch, and 
Sci. Serv, Bull. 95, 30 pp., illus. 

(6) Jones, L. R., Walker, J. C., and Tisdale, W. B. 

1920. FUSARIUM resistant cabbage. Wis. Agr. Expt. Sta. Research 
Bull. 48, 34 pp., illus. 

(7) Wade, B. L. 

1929'. INHERITANCE OF FUSARIUM W’lLT RESISTANCE IN CANNING PEAS. 

Wis. Agr. Expt, Sta. Research Bull. 97, 32 pp., illus. 

(8) Walker, J. C. » > . 

1930. inheritance of fusarium resistance IN CABBAGE. Jour. Agr. 
Research 40: 721-745, illus. 

■ |;§) , 

1933. YELLOWS-RESISTANT LINES OF EARLY JERSEY WAKEFIELD CABBAGE. 

Jour. Agr. Research 46: 639-648, illus. 

(10) and Blank, L. M. 

1934. FUSARIUM-RESISTANT DANISH BALLHEAD CABBAGE. Jour, Agr, 

Research 49: 983-989, illus. 

(11) Monteith, j.,, Jr., and Wellman, F. L, 

1927. DEVELOPMENT OF THREE MIDSEASON VARIETIES OP 'CABBAGE RE- 
SISTANT TO YELLOWS (fusarium conglutinans woll.). Jour. 
Aar. Research 35: 785 -t 809, illus. 



FACTORS AFFECTING CHLOROSIS IN IRRIGATED 

WHEAT ^ 

By D. W. Robertson, agronomisty and Robert Gardner, associate agrcnomistj 
Colorado Agricultural Experiment Station 

INTRODUCTION 

A tendency of Marquis wheat to turn pale when irrigated at germi- 
nation has been noticed in previous studies, and a similar tendency 
has been observed in the field when heavy rains occurred soon after 
the %vheat emerged. The pale-green color may last for 3 to 6 weeks 
before the plants recover their normal green appearance. This mild 
chlorotic condition has been attributed to the use of cold water for 
irrigation, but experimental data to support this belief are lacking. 
Because of this a study was made of the effect on chlorosis of (1) the 
temperature of the irrigation water at germination and (2) the type 
of fertilizer used. 

EFFECT OF TEMPERATURE OF IRRIGATION WATER ON YIELD OF 
WHEAT IRRIGATED AT GERMINATION 

EXPERIMENTAL METHODS 

Studies on the effect of applying irrigation water of different tem- 
peratures, to Marquis wheat (Triticum aestimm L.) on Fort Collins 
loam (7) ^ were conducted for a 4-year period from 1927 to 1930, 
inclusive. 

The experiment was carried on each year on land which had been 
summer-fallowed the previous year. This summer fallow was neces- 
sary in order to obtain a more uniform moisture content in the soil 
and also to eliminate volunteer grain and control weeds. In 1928 
and 1929, a single series of 10 plots, each one five-hundredths of an 
acre in size, was used. In 1930, two series of similar plots were em- 
ployed. Each series was planted to Marquis wheat at the rate of 90 
pounds per acre. One drill width of 16 rows was planted in each 
series. 

The wheat was planted on April 8 in 1929 and April 7 in 1930. 
Canvas covers similar to those described by Robertson et al. (5) were 
used to eliimnate the effects of rainfall in 1929 and 1930. Water was 
applied at the rate of 6 acre-mches ^ to each plot at germination (5). 
The temperatures of the irrigation water applied in 1928 were 41° 
and 62° F., and in 1929 and 1930 they were 40° and 60°. 

The basin method of irrigation was used throughout the investiga- 
tion. The plots were diked and sufficient water was applied to give 
the required depth. The amount of water required for a given depth 
was measured for each plot. The temperatures were controlled by 
ice or steam, depending on whether the water in the pipe line was 
higher or lower than the temperature required. The source of the 
irrigation water is discussed in a previous publication (p). 

J Received for pofolimtion Apr. 1, 1937; issued October 1937. 

^ Reference is made hj number (Itaiic) to Literature Cited, p. 5^. 

3 Incbes of irrigation water refer to inches in depth over the area. 
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Tlie area of eacli plot liarvested was one eiglitdiiindred-and-seventy- 
firsts of an acre. Tlie 10 center rows were liarvested alter 3 bordei 
rows on each side and 1 foot from each end had been discarded to 
eliiiiiiiate possible border effect. The grain was cut 1 inch abov^e 
the ground with lawn shears, tied in a sheaf and carefully wr^ped 
in cloth to protect the heads, leafy material, and straw. These 
sheav'es vcere shocked under cov^er and allowed to cure for 3 weeks or 
iiiore. The sheav''es vcere then weighed and the grain threshed The 
difference between the cleaned grain weight and the total grain and 
straw weight was used as the straw yield. 

EXPERIMENTAL RESULTS 

The studies conducted with irrigation water at temperatures of 40° 
and 60° F. applied at germination, show a slight difference in grain 
yield in favor of the plots receiving the water at 40°. However, in 
1930 when the number of replications was sufficient to make the 
application of statistical methods possible, no significant differences 
were obtained. The straw yield was slightly higher for the plots 
irrigated with water at 60°, but was not significantly different (table 1). 


Table 1. — YieMs of grain and of straw from plots irrigated at germination with 

water at Jf.0^ or 60^ F. 


Year grown 

Plots 

Y'ield per plot when irrigation water at indicated 
temperature was used 

40^^ F. 

L.. 

60° F. 

Grain 

Straw 

Grain 

i,.,_ , 

Straw' 

1929... ' ' 

Number 

2 

4 

Grams 

398 

330d=12 

Grams 
820 i 
f317±26 

1 i 

Grams 

373 

318±12 

Grams 

837 

656=t26 

1930 - ^ 



Standard error obtained bjr the analysis of variance (f). 


An examination of the soil-temperature curv^es in figure 1, A (1928), 
shows that there v^as a rise in temperature, in the first foot of soil, of 
about 4° F. 24 hours after treatment. The second day after irriga- 
tion, the temperature dropped to within 1.5° of the low-temperature 
treatment. After the fourth day the difference between the two 
treatments did not exceed 2°. ' 

In the second foot (fig. 1, 5, (1928) there was a difference of 
5.5° F. between the two treatments 24 hours after the water was 
applied. The temperature had become equal after 3 days and 
fluctuated only slightly thereafter. 

In 1929 (fig. 2, A,) the temperatures of the soil in the plots came 
vdthin 0.5° F. of each other 3 days after treatment, and did not 
fluctuate beyond 1.5° during the 10~day period after irrigation. 
In the second foot (fig. 2, jB), there was very little difference. 

These_ results, considered in connection with the yield, data, indicate 
that a difference in temperature in the irrigation water of 20° F., i. e., 
between 40° and 60°, has no effect on the yield of Marquis wheat 
irrigated at germination. 

The minimum temperature of the air is plotted in figures 1 and 2, 
along With the soil temperatures. It will be noted that the soil 
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temperature seems to be influenced more by the fluctuation of the 
air temperature than by the temperature of the irrigation water. 
This is especially noticeable in the curves for temperature 4 days 
after the application of the irrigation water. The following theoretical 
discussion indicates that a rise in temperature of about 10° F* should 
be the maximum difference expected if outside influences have no 
effect on the soil complex and the water added is the only contributing 
factor to the temperature change. 

If water and soil of different temperatures are mixed, the final 
temperature of the complex (assuming no energy changes due to 
chemical reactions) may be expressed by the equation: 

X-°Fi ^ ^ 

where Ci=specific heat‘d, mi=the mass, and °Fi=the temperature 
of the constituent having the lower temperature, and C 2 , and 
°F 2 =the corresponding properties of the constituent of higher tem- 
perature, and A^=the flnal temperature. 

If water is already present as soil moisture before irrigation, it 
might be expected that the heat capacity of the soil plus moisture 
would determine the final temperature. However, when water is 
added to the soil surface it does not mix intimately with the soil 
moisture already present, but to a large extent replaces it as the portion 
already present moves downward. It is a question as to how much 
exchange of heat there is between moisture in the soil and moisture 
added under these conditions. Furthermore, the upper layers of soil 
are changed a little by each succeeding increment of water which 
enters, so that at the completion of irrigation the surface will approach 
the temperature of the water added and the extreme depth of pene- 
tration will approach the temperature before irrigation. The problem 
is thus complicated by an xmknown degree of mixing with the soil 
moisture and the development of a temperature gradient. Other 
complications, of course, are the effects of evaporation and heat 
radiation during the process. 

If we assume that the water added warms or cools the soil only and 
not the moisture already present and that the evaporation and 
radiation effects may be neglected, the following example shows the 
average final temperature and depth of temperature change which 
should be expected from adding 6 inches of water at 60° F. to a soil 
at 40°: 


Average field capacity of upper 2 feet (estimated) ^ _ 18-0 percent. 

Ratio of weight of soil to weight of water_^ ^ , _ _ „ _ 5.55/1 . 

Substituting in equation 1 — 


0 . 2 _^ 5 . 55 ^ 60 ^^ p 

1 A -40 


Weight of water applied per square foot of surface„-^ 81.25 pounds. 

Average weight per cufiic foot of soil (determined)-^ 88.3 pounds. 

Weight of w’ater absorbed per cubic foot (18 percent of soii)___ _ 15-89 pounds. 
Depth of water penetration and of temperature change (no. 3-^ 

' no. 5). - 1.96 feet- 


^ Approximate specific heat of soil obtained from Patten U). 
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The result is approximately a maximum average rise of 10° F. in 
soil temperature to a depth of 1.96 feet. The graphs show, as could 
be expected, that the actual rise in the field was much less than this. 

The change in temperature, w^hile appreciable, is small compared 
with the change which could be expected from a snowstorm. Since 
the heat of fusion of ice is 79.6 calories, an inch of water as ice would 
cool an equivalent amount of water nearly 144° F. 



.Figure 1.— 'Temperature of the first (A) and 
sea>iid iB) foot of soil for a S-day period im- 
mediately before and a 10-day period immedi- 
ately after irrigation with water at 40° and at 
60° F., as compared with the air temperature, 
mm. 


Figure 2.-~Temperature of the first (A) and 
second (B) foot of soil for a 2-day period im- 
mediately before and a 10-day period immedi- 
ately after irrigation with water at 40° and at 
60° F., as compared with the air temperature, 
1929. 


EFFECT OF DIFFERENT FERTILIZER TREATMENTS AT GERMINA- 
TION ON THE YIELD OP WHEAT AND ON THE NITROGEN CON- 
TENT OF SOIL, GRAIN, AND STRAW 

EXPERIMENTAL METHODS 

In 1933 a study was started to determine the effect of different 
fertilizer treatments at gemmation on the development of chlorosis 
find the recovery of IMarqtiis wheut showing chlorosis. Uncovered 
plots of similar size to those used in the temperature study were 
employed. The plots were laid out in a 7 by 7 Latin square. The 
cheimcal treatmeits and the amounts used are given in table 2 . 
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Table 2. — Chemical treatments and amounts applied per acre 
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Treatment 

Salt used 

Quantity 
. per acre 

Manganese sulphate _ 

MnS04+4B:20 

Pounds 
318.70 
297. 22 
360. 25 
328.80 
188. 77 
337. 35 

Iron sulphate. r. - ... . 

FeS04-l-7H20 _ 

Superphosphate 

CaH4(P04)2+H20 . _ 

Ammonium-add phosphate ... ._ 

(NH4)H2P04.— 

Ammonium sulphate . .. . 

(NH4)2S04 . 1 

Calcium nitrate 

Ca(N03)2-}-4H20 . 




Marquis wheat was planted on April 3, 1933, April 9, 1934, and 
April 1, 1935. 

Treatment of plots, — -In 1933 irrigation water was applied at the 
rate of 6 inches when the wheat had germinated and was just emerging. 
The various series were irrigated as follows: April 20, series E; April 
24, series F and G; April 25, series H, I and plots 3, 4, 5, and 6 on 
Series J ; April 26, series K and plots 7, 8, and 9 on series J. The 
chemicals were dissolved in water and sprinkled on the plots within 
24 hours after the 6-inch irrigation. After treatment with the 
chemical, 1 inch of water was applied to each plot. 

In 1934 a 6-inch irrigation was applied on April 20 to series A and B ; 
on April 21 to series C; on April 23 to series D and E; and on April 24 
to series F and G. The treatments were applied in a manner similar 
to that used in 1933. On June 20 and 21, an additional 3 inches was 
applied to each of the plots. 

In 1935 a 4-inch irrigation W'as applied on April 5 to series A, B, 
and C. A similar irrigation was apphed on April 6 to series D, E, and 
F. ^ On April 8, series G was irrigated with 4 inches of water. This 
irrigation was necessary because of the diy season of 1934 and of the 
months of January, February, and March in 1935. ^ On April 20, when 
the wheat had germinated, an additional 5-inch irrigation was applied 
to series A and B. On April 22, series C and D were irrigated. Series 
E, F, and G were irrigated on April 23. The chemicals were applied 
on all plots in series A to F on April 23 and to series G on April 24. 
Sufficient rain fell on April 24 and 25 to carry the fertilizers into the 
soil so no additional irrigation water was applied. 

Statistical analysis. — In the intej^retation of the data from the crop- 
and-soils tests, the analysis of variance f j was used. The data were 
so arranged that the various interactions could be tested. Table 3 
presents the analysis of variance for the yield of grain in grams per 
plot. 


Table 3. — Analysis of variance for yield of grain per plot for the S-yrnr period^ 

19SS to 1935, inclusive 


Variance due to — 

Degrees 

of 

freedom 

Sum of 
squares 

' 

i Mean 

1 square. . j 

: i 

V 1 

■ .1 

Fi (0) 


2 

763,069 

®1,S35 ' 


180.66 

Rows and columns within years i 

36 

409,889 

■ll,®6 


f 6.39 

Treatments 

6 

224,423 

37,404 


17.71 

Treatments x years 

12 

122, 180 

.10, ,182 


4,82 

Error.--- - 

90 

190,127 

2,112 

45.% 


i 

Total - 

146 

1,709,6® 










1 All higher than l-percent point. 
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The F test indicates that there is a significant difference in the 
yields between years, rows, and columns within years, and treatments 
X years ; the last-named difference shows that the treatments reacted 
differentlv in different years. 

The test further shows that response of Marquis wheat to some of 
the fertilizer treatments is significant. Similar results were obtained 
for the straw yields and for the total yield of straw and grain combined. 

In 1933 the effect of the various treatments first became noticeable 
about May 30. The plots treated with calcium nitrate were a much 
darker green than the other plots. The plots receiving ammonium 
fertilizer were a shade lighter, but could be distinguished from the 
other fertilizer and the no-treatment plots, which were light green in 
color. In 1934 and 1935, a similar condition was noticeable. 

EXPERIMENT.^ RESULTS 

Yield of Grain and Straw 

The average yields in grams per plot for the 3-year period are given 
in table 4. 


Table 4. — The S-year average yield of grain and of straw from plots irrigated at 
germination and later treated with different fertilizers 


Treatment 

Yield per plot 

Treatment 

Yield per plot 

Grain 

Straw 

Total 



Grain 

Straw 

Total 

EeSOf 

eaH4(P04:)2 1 

MnSOi... 1 

No treatm-ent : 

Grams 
832 
838 
840 
844 1 

Grams 

1,179 

1,189 

1, 191 

1, 202 

Grams 

2, 011 

2, 027 
2,031 
2,040 

(Nm)2S04 

NH 4 H 2 PO 4 .--- 

Ca(N03)2 ! 

Level of significance 
(2 S.E. (difference) 

Grains 

886 

911 

939 

Grams 

1,319 

1,349 

1,492 

Grams 
2, 205 
2, 260 
2, 431 

28 

49 

77 


The grain yields of the plots^ treated with ammonium sulphate, 
ammonium, phosphate, and calcium nitrate are significantly higher 
than the yields of the no-treatment plots. The yields of plots treated 
with iron sulphate, superphosphate, or manganese sulphate do not 
differ significantly from the check. The straw yields show the same 
trend. The ammonium- and nitrate-treated plots gave the highest 
pelds. These data indicate that the chlorotic condition of Marquis 
wheat produced by early irrigations evidently is due to a nitrogen 
deficiency. 

To study further the effect of early irrigations on Marquis wheat, 
soil samples were taken at intervals throughout the season and 
analyzed^ for nitrate nitrogen. Samples were taken in all plots, 
making, in all, seven samples for each treatment. The samples were 
taken for the following depths of soil: 0-6, 6-12, 12-24, and 24-36 
inches. The nitrate nitrogen was determined by the method de- 
scribed by Gardner and Robertson (5), p. 5. 

Nitrate Nitrogen Content op Soil 

Soil samples were taken in all plots after the irrigation and chemica) 
treatments had been applied. The samples were taken on the follow- 
ing dates: April 29, 1933; April 27, 1934; and May 1, 1935, Different 
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composite samples were drawm for the different tests. The nitrate 
nitrogen is recorded in parts per million as nitrogen. Table 5 gives 
the average nitrogen content of the soil for different depths taken in 
the spring of 1933, 1934, and 1935. 


Table 5. — Average quantity of nitrate nitrcgen recorded as nitrogen in 'parts per 
million for the diifferent depths of soil taken in the spring after irrigation and 
chemical treatment were applied and in August after the wheat had been harvested 
on the variously treated plots for the 3-year period 1933 to 1935 ^ inclusive 

SPRING 


j Nitride nitrogen at soil depths indicated (in inches) 


Treatment 1 

i 

0-6 

6-12 

12-24 

24-36 1 

0-361 

Ca(N03)2 - - 

P. p. m. 
9.0 

P. p. m. 
5.0 

P. p. m. 
7.9 

P. p. TO. 
12. 6 

P. p. m. 
11.2 

(NH4)2S04 - 

4.4 

4.3 

5. 1 

9.9 

8.3 

(NH4)H2P04 

4.2 

3.8 

4.4 

9.2 

7.3 

MnS 04 

3.2 

2.9 

4.9 

10. 3 

8.0 

FeSOi 

2. 7 

3.6 

5. 0 

9.5 

7. 1 

No treatment.- 

2*. 6 

2. 8 

6.2 

11. 3 

8.0 

CaH4(P04)2 - - 

2.5 

2.9 

6.1 

11. 2 

8.4 

Level of significance - 

2 1.3 

1.7 

1.7 

2.8 

1.9 


AUGUST 


Ca(N03)!- — 

3.0 

1.6 

1.9 

4.9 

2.7 

(NH4)2S64 - 

2.9 

1.5 

2.6 

3.5 

2.4 

(NH4)H2P04 - 

3.1 

1.8 

1.7 

3.2 

2.4 

MnS04 - - 

2.8 

1.6 

1.9 

3.0 

2.0 

FeS04 

2.9 

1.6 

2.0 

2.9 

2.0 

No treatment 

3.0 

1.5 

1.8 

1.9 

1.7 

OaH4(P04)2 - - - 

3.0 

1.4 

1.9 

2.4 

1.9 

Level of significance - 

.55 

.53 

.54 

2.1 

■8 


1 2-year average 1933 and 1935. 

2 Each depth was set up as a separate experiment and the standard error obtained by the analysis of 
variance. A test for homogeneity was applied to a complex experimental set-up for all of the data for nitro- 
gen in the 4 depths of soil. The test in this case is designed to determine whether the observed variances 
can be considered as having been drawn from the same population. 3 of the depths showed homogeneity 
but the fourth depth (24-36 inches) indicated lack of homogeneity. All of the data were then analyzed by 
separate depths. The writers are indebted to Dr. F. R. Immer of the Minnesota Agricultural Experiment 
Station for the method of testing the data and to Dr. A. E. Brandt of the statistical laboratory, Iowa State 
College, for developing the method and permitting its use. 

The nitrate nitrogen content of the first and second 6 inches is 
important since the roots of the young seedlings evidently have not 
penetrated below this depth at this early stage of growth. Weaver 
(Sypp. 1SS-13JC described a month-old Marquis wheat plant as follows: 

On May 1, a month after planting and when the second leaf was half grown, a 
typical root system was drawn. The number of roots varied from three to eight. 
Lateral roots were fairly abundant but entirely unbranched. The greatest lateral 
spread was 5 inches and the working depth or working level (i. e. a depth to which 
many roots penetrate and to which depth considerable absorption must take place) 
6.5 inches. 

The nitrate nitrogen content of the soil in the calcium nitrate plot 
was significantly higher than that of any of the other plots. The tW'O 
sets of plots receiving nitrogen as ammonia were significantly higher 
than the no-treatment plot, bnt were not significantly higher than 
the plots receiving manganese sulphate. In the second 6 inches the 
amount of nitrate nitrogen in the calcium nitrate plots, while still 
significantly higher than that of the other plots, was lower than that 
in the first 6 inches. While the ammonium sulphate plot wa^ some- 
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wliat iiiglicn* than the no-treatment plot, it did not difter significantly 
from the other treatments. The nitrate nitrogen content of the soil 
in the second foot was, in all cases, higher than that of the second 6 
inches. The calcium nitrate plot was significantly higher than the 
other plots. In the thuxl foot a noticeable increase of nitrogen is ap- 
parent, Tests made in 1934 before and after irrigation indicated that 
the nitrates were washed below the tliird foot. The first 6 inches; 
second 6 inches, and second foot were almost depleted as far as the 
nitrate tests showed. A slight loss was indicated in the third foot. 

No significant differences were noted in the first 6 inches or in the 
second 6 inches of soil taken from the different plots in August (table 
5). Ill the second foot, however, the plot receiving ammonium sul- 
plate differed significantly from the other plots in parts per million of 
nitrogen. In the O-SBAnch column a significant difference between 
the no-treatment and the calcium nitrate plots was found. None of 
the other plots showed a significant difference. 

The yield data indicate that the nitrate added as calcium nitrate 
increased the yield over the other treatments. The soil-analysis data 
show that the nitrate nitrogen in the calcium nitrate plots was con- 
siderably higher in the first 6 inches. Evidently, a lack of nitrogen 
at this stage affects the normal development of the young seedlings. 
The calcium nitrate plots were a much darker green than the other 
plots. ' 

The plots receiving nitrogen as ammonium acid phosphate out- 
yielded the plots recemng no nitrogen. The nitrate content of the 
first 6 inches of soil, however, was not significantly different from that 
of some of the plots receiving no nitrogen, A similar condition was 
found in the second 6 inches. * 

The ammonium sulphate-treated plots which differed significantly 
in yield from the plots receiving no nitrogen showed the same condition 
in the nitrate content of the soil. Since the nitrate was more effective 
in correcting the chlorotic condition, it would appeor that nitrogen is 
more readily absorbed by wheat plants as the NO3 ion than as the 
NH4 ion. The benefits received from the ammonium salts could have 
been due either to nitrification of these salts or to the direct absorption 
of ammonia. Nitrification could have been appreciable and still not 
have been detected in the analyses. 

Nitrogen Content OF Grain AND Straw 

The nitrogen content of the grain and straw was determined by the 
■Gunning method ( 1 ). 

The average percentage of nitrogen in the grain is given in table 6. 

^ The nitrogen content of the threshed grain varied slightly for the 
different treatments. The calcium nitrate plots gave the lowest con- 
tent in every case, except in 1935. The average content for the 3-year 
period indicates a significant difference over the no-treatment plots for 
the plots receiving manganese sulphate and ammonium phosphate. 

The nitrogen in the straw was considerably lower than in the grain 
(table 6). 

The nitrogen in the straw was low in the ammonium-treated plots. 
No significant difference was noticed between the other treatments. 
All of the other plots were significantly higher than the ammonium 
acid phosphate and ammonium sulphate plots. 
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Table 6. — Average yearly nitrogen content of grain and of straw from the differently 
treated 'plots for 1933 to 1935 y incluswe 

GRAIN 


Treatment 

1933 

1934 

1935 

3-year 

average 

MnS04 - 

Percent 

2. 80 

Percent 

2.74 

Percent 

2.58 

Percent 

2. 71 

(NH4)H2P04 

2. 79 

2. 76 

2.58 

.2. 71 

FeS04 - - J 

2. 79 

2. 74 1 

2. 58 I 

2.70 

(NH4)2S04 - 

2.79 

2. 73 ! 

2.54 

2.68 

CaH4(P04)2 - ---1 

2. 76 

2.73 i 

2.64 

2.68 

No treatment „ _ ___ 

2. 76 

2. 73 

2.52 

2.67 

6 

Q 

2. 63 

2.73 

2.61 

2.66 


Lev el of si gni fieance .. i 

.071 

.056 

.066 

.037 




STRAW 


No treatment _ i 

0. 49 

0. 43 

0.52 

0,48 

Ga(N03)2-.- — J 

.45 

.46 : 

.56 1 

,48 

CaH4(P04)2 - - — 

.48 

.41 ’ 

.66 i 

.48 

MnS 04 

.48 

.41 

.51 1 

.47 

FeS04 i 

.47 

.40 

.51 i 

.47 

(NH4)H2P04 — - 

. 47 

,42 

.47 i 

.45- 

(NH4)'-S04-- - ^ 

.45 

.43 

.46 ' 

.44 


Level of sie-nifieanee - 

.028 

.035 

.035 

.019 


EFFECT OF TEMPERATURE OF IRRIGATION WATER AND FERTI- 
LIZER TREATMENTS ON THE DEVELOPMENT OF CHLOROSIS 

As previously stated, the mild chlorotic condition often found in 
small grains after heavy rains or applications of irrigation water to 
*The plants in the earlier stages of growth has been attributed to various 
causes, one of the commonest being the temperature of the irrigation 
water. From the tests described above, there is no indication that 
water at a temperature as low as 40° F. has any more detrunental 
effect on the plants than water at 60°. The temperature of the soil 
was affected more by the temperature of the surrounding air than by 
the temperature of the irrigation water between the range of 40° 
to 60°. 

An application of calcium nitrate immediately after irrigation pre- 
vented the occurrence of chlorosis. A similar but less pronounced 
effect "was obtained when ammonium sulphate or ammonium acid 
phosphate was applied. No difference in the color or type of growth 
was noticed in the plants receiving manganese sulphate, iron sulphate, 
and superphosphate. These results indicate that the chlorotic con- 
dition resiil ted from a shortage of nitrogen rather than from any other 
elemental deficiency. Nitrate proved more effective than ammonium 
salts in controlling the chlorotic condition, indicating a greater availa- 
bility of the nitrate ion. 

When the nitrate nitrogen content of the soil in the fimt 6 inches 
. was low, chlorosis resulted. When the content was high, as in the 
plot treated wdth calcium nitrate, no chlorosis occurred. Ammonium 
nitrogen had a similar effect, but to a less degree. 
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SUMMARY 

Tests conducted with Marquis wheat irrigated at germination with 
6 inches of water haye shovrn that: 

(1) The temperature of irrigation water ranging from 40"^ to 60° F. 
has no effect on the yield of grain or strawy. 

(2) The addition of nitrogen fertilizer to the crop immediately after 
irrigation prevents the clilorotic condition often observed in young 
wheat plants after heavy rains or the application of irrigation water 
and increases the yield of grain. 

(3) The irrigation water washes the soluble nitrate nitrogen below 
the 3-foot level. 

(4) Yields both of straw and grain are increased by applications of 
calcium nitrate, ammonium acid phosphate, and ammonium sulphate 
in the order named. 

(5) In plots treated vdth calcium nitrate, the nitrate nitrogen con- 
tent was high in the first 6 inches of soil. In plots receiving no nitro- 
gen the nitrate nitrogen content was significantly lower. 

(6) Applications of manganese sulphate, iron sulphate, and super- 
phosphate did not alter the chlorotic condition or increase the yield 
over the no-treatment plots. 
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FACTORS INFLUENCING THE RIPENING SEASON OF 
SOUR CHERRIES ' 

By V. R. Gardner 

Director, Michigan Agricultural Experiment Station 

INTRODUCTION 

With cherries, as with most other fruits, the season at w^Mch the fruit 
matures is important in determining its market value. Thus, varieties 
such as Black Tartarian, which would be of little worth if their fruit 
were to ripen 2 weeks later than it does, are highly prized because 
they are among the first to reach the market. 

In a general way each variety has its characteristic ripening season, 
and efforts to advance, retard, shorten, or lengthen the harvesting 
season have been limited largely to the selection of varieties that 
would appear to meet the requirements in question. Nevertheless, 
there is considerable variation in ripening season within the same 
variety, not only from place to place but even within the same orchard. 
Thus in the Graham station orchard near Grand Eapids, Mich., 
which furnished many of the data for this report, the first picking of 
Montmorency in 1935 w^as made on July 16 and the last on September 
14. Sometimes this prolonged ripening season occasions no great 
inconvenience or loss, but at other times it may entail considerable 
added expense because of the necessity of fractional picking or, if 
such picking is not employed, it may cause considerable loss in revenue 
because of the change in price as the season advances, or the lower 
price received for a product not xmiform in degree of matmity. 
m For commercial canning only cherries that are fully tree-ripened 
are wanted. Those that are slightly immature lose too much of their 
color in processing and the appearance of the finished product is 
impaired. If the fruit is left on the trees until all of it is ripe enough 
for canning, there is loss from overmaturity and decay, attack by birds, 
bruising from the wind, wilting, and other causes. There is perhaps 
a wider range in the degree of maturity that is acceptable for the 
fresh-fruit trade, but uniformity within the package is highly desirable. 
Experience shows that in many seasons in certain Montmorency or- 
chards fully 3 weeks intervenes between the first and the last picMngs 
when an effort is made to meet the demands of an exacting trade. 

It has seemed desirable, therefore, to make a study of some of 
the more important factors that influence the season of ripening of 
cherries and to discover, if possible, practicable means of advancing 
or retarding and of making more uniform the season of maturity, 

REVIEW OF LITERATURE 

Though there is a fairly extensive literature pertaining to cherries 
and cherry culture, data relating to factors other than variety that 
influence the ripening season are rather limited, 

■ Received for ptiblieatiori Feb. 4, 1937; issued October 1937, Journal article no. 289 (n. s.) from the 
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Growers generally are aware of the influence of latitude on the ripen- 
ing season of fruits. Thus in Afichigan the harvesting of Mont- 
morency usually takes place during the first half of July in the more 
southern counties , during the second and thii'd weeks in the central 
counties, during the last half of the month in the Traverse City area, 
and during early August in the northernmost sections that are subject 
to the influence of Lake Michigan. This difl'erence is considerably 
greater than the average of 3.6 days retardation in ripening season 
for each degree of latitude found by Phillips {9) ^ as characterizing 
the Montmorency cherry “ in the Mississippi Valley. That this 
influence of latitude on ripening season is probably in large part a 
teniperatiire effect is indicated not only by the prevailing temperatures 
at these different latitudes, but by the experience of English and other 
iiorthwestern European growers who have been able to advance the 
ripening season of some cherry varieties 2 or 3 weeks by training them 
as espaliers or cordons along the south side of walls {11) and to retard 
ripening for a similar period by shading (^). 

With many fruits soil exerts a very pronoimced influence on ripening 
season, light soils tending to promote maturity and heavier soils 
tending to retard it. This influence is not so marked in the case of 
cherries, though it has been noted many times {IS), The application 
of nitrogenous fertilizers tends to delay maturity in many fruits. 
This influence has been observed with sour cherries but there is 
some question as to its relative importance. Fertilization has also 
been noted (7) as contributing to the evenness of ripening of cherries. 
Though rootstocks undoubtefiy exert some influence on earliness and 
eveimess of ripening, (J), data are not available to indicate clearly 
what stocks may be used with confidence to advance or to retard* 
ripening. 

Little attention has been given to the importance of intra variety 
strains in the case of cherries, though there are a number of references 
in the literature to the occurrence of limb sports that differ from the 
parent tree in ripening season. May Duke in particular has long been 
noted as a variety characterized by very uneven ripening (f, S), 
apparently due to what might be called an ever-sporting tendency, 
and Hochgenuss von Erfurt {10) is apparently another variety of the 
same type. A number of whole tree and limb variations in season 
of ripening in the Montmorency variety have been described recently 
by Drain (4), and the presumption is that directly or indirectly other 
variations of this same type have been responsible for more or less 
unevenness in ripening in the general run of stock propagated com- 
mercially by the nurseries. 

MATERIALS AND METHOBS 

There were available for tbe purposes of this study the 1931-34 
harvesting records of each of 194 cherry trees {Pfwnm cerasus L.) of the 
hlontmorency variety in the so-called Corporation orchard hear 
South Haven, Mich., and the 1931— 36 harvesting records of each of 
149 trees in the Graham station orchard near Grand Rapids, both of 
which orchards had been set in the spring of 1920. The records for 
the Corporation orchard included individual tree yields each year an4 
a series of notes made during the ripening season in w^hich each tree 

5 is made by nnmbfer (italie) Cited, p. 532 * ' ' 
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was classified as ripening its fruit evenly or unevenly and relatively 
early j midseason, or late in the season. In the Graham station or- 
chard fractional picking was employed each year on those trees that 
ripened unevenly and records were kept of the quantities harvested 
at each picking. Special effort was made each year to harvest the fruit 
at as nearly the ideal stage of maturity as possible. Measurements 
were made of the trunlv circumference of each tree in the two orchards 
each autumn, and the crops of individual trees were classified as 
small, niedium, large, or very large if they totaled as follows for trees 
of the following trunk circumferences (as measured in the fall of 1933): 


Trunk circumference (inches) : 

■ Less than 19 

Do 

Do 

Do 

19-23— 

19-23___ 

19-23 

19-23.. 


Yield i^mnds) and crop classification 

Less than 25, small. 

25-75, medium. 

More than 75, large. 

More than 150, very large. 
Less than 75, small. 
75-100, mediiim.. 

125-200, large. 

More than 200, very large. 


This is, of course, an arbitrary classification, but it permits a grouping 
that brings out the influence of relative size of crop on season of 
maturity. 

In addition to the 149 trees at the Graham station already referred 
to there were a number of others in other blocks, some younger and 
some older, which were submitted to various experimental treatments 
and on which records relating to season of maturity were obtained. 

One series of records was obtained in 1933 from four representative 
individuals in a block of fully mature Early Eichmond trees in the 
orchard of the W. E. Eoach Co., of Hart, Mich. These trees were 
llarge for their age, healthy, and at an earlier stage in their development 
had been very vigorous. For several years before the records were 
taken they had been bearing very heavy crops, so heavy in fact that 
a considerable percentage of the crop had not been sizing up and 
ripening properly. Fractional picking had been employed each year, 
but part of the crop never reached a degree of maturity that made it 
acceptable for commercial canning, even though allowed to remain on 
the trees until after the Montmorency harvest had been completed. 

Temperature data to compare with the fruiting records of the 
Graham station trees were obtained from the Grand Eapids oJffice of 
the United States Weather Bureau, located about 4 miles from the 
orchard. 

INFLUENCE OF TEMPERATURE AND SIZE OF CROP ON RIPENING 

SEASON 


Perhaps the most obvious variation in ripening period encountered 
in this study was that associated with season. In 1931, 1935, and 
1936 cherries ripened late, in 1932 relatively early, and in the other 
years about midseason. The ripening season in 1934 was very uni- 
form; in 1935 and 1936, uneven and long drawn out, and in the other 
years intermediate. These facts are well brought out in figure 1 and 
table 1 for the trees in the Graham station block. 

The seasonal variations in earliness or lateness of ripening can be 
explained in part by the accompanying temperatures. The three 
relatively early seasons, 1932-34, were characterized by at least mod- 
erately high mean May, June, aiid July temperatures and by corre- 

■ . 22709 — 37 — 4 ■ ' 
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spoil clingly Mgli heat accumulations (measured by daily maxinia) 
during these months. Though the mean July temperatures and July 
heat accumulations of the 3 late-maturing years were as high as or 
higher than those of the 3 early-maturing years, May temperatures 
and heat accumulations were markedly lower in 1931 and 1935 and 
June temperatures were markedly lower in 1935 and 1936. The 
fruit, therefore, had advanced considerably further in its development 
by July 1 in some years than in others. 


193! 

1932 

1933 
1934. 

1935 

1936 


Figtjbe 1.— Ri|>ening season of fruit on 149 trees at the Graham station, Grand Rapids, Mich., 1931-36. 
Vertical lines indicate mean picking dates; figures at right end of horizontal lines indicate standard devia- 
tions, in days, in harvesting dates. 

Table 1. — Yields and ripening dates of 149 Montmorency cherry trees at the Graham 
station f 1931-36, and temperature records for the growing seasons of those years 


^ ^ ^ ; r~ 

1 1 — ^ — 







j>^JULY 24 

4.35:i=0.02 

,xUULY 29 

6.S2=fc0.02 

1 1 1 1 U I 1 


1 I 1 I 1 u I I I 

iO _20 iO 20 10 

JULY AUGUST SEPTEMBER 


Year 

Average 
yield per 
tree 

First 

Last 

Average 

harvest 

date 

Standard 

deviation 

Mean temperature 

Heat accumulation i 

picking 

picking 

in ripening 
date 

May 

June 

July 

May 

June 

July 

1931 

Pomid^ 

130.6 

July 

14 

July 31 

July 26 

Daps 

i 5.17±0.02 

°F. 

56.0 

71.3 

°F. 

75.8 

°F. 

744 

°F. 

1, 188 

°F. 

1, 379 

1932 

44.7 

July 

5 

July 23 

; July 10 

2. 79±0. 02 

59.4 

70.5 

73. 0 

855 

1, 170 

1,280 

1933 

I 109. 4 

-_,do- 



Aug. 1 

July 13 

3. 65db0. 01 

59.7 

74.0 

75.6 

833 

1, 290 

1,373 

1934 

1 155. 8 

July 

9 

July 19 

!-_do 

3.09±0.01 

63.7 

73.3 

76.8 

1, 050 

1 1, 287 

1, 450 

1935 

! 100.2 

July 

17 

Sept. 14 

July 24 

4. 95±0. 02 

53.3 i 

64.8 

70. 5 

644 

948 

1, 3 60 

1936 i 

242. 7 

July 

14 

—-do 

July 29 

6. 82±0. 02 

62.9 

66.2 

77.3 

1,001 

i 1,101 

i 

1, 472 


5 Heat accmnnlation figured as the total of the day degrees of maximum temperature exceeding 41° F. 


Examination of the data presented in table 1, however, suggests 
that size of crop may have had some influence on season of maturity. 
Thus in 1936, when very heavy crops were borne, the maturing season 
was very late; and in 1931, another year of fairly heavy crops, the 
ripening season was again late. The years 1932 and 1933 were years 
of light or moderate production and the ripening seasons were com- 
paratively early. On the other hand, in 1934 the trees bore heavier 
crops than were borne the two preceding seasons and they matured 
their fruit as late or shghtly later even though temperatures were 
higher, wliile in 1935 with only a medium crop they matured their 
fruit late. The influence of size of crop upon season of ripening is 
more clearly indicated by the data in table 2, in which the harvesting 
records for several seasons of the individual trees in the Corporation 
and Graham station orchards are classified as to size, earliness, and 
evenness of ripening, ' 
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It will be noted that in both orchards there was a marked tendency 
for trees bearing relatively light crops to mature their fruit earty and 
for the fruit to ripen evenly, whereas the trees bearing relatively 
heavy crops matured their fruit late and the fruit ripened more or 
less unevenly. Trees mth medium-sized crops were intermediate 
in respect to both time and uniformity of ripening. This iiifliience 
of size of crop is given a quantitative expression by the data presented 
m table 3. Presumably the retarding effect of a heavy crop was more 
important in causing late ripening in the Graham station orchard in 
1936 than the somewhat subnormal mean temperature during June, 
for temperatures during the remainder of the growing season were up 
to or above the average. 


Table 2. — Classification oj the individual tree yields on a basis of ripening season, 
crop yield, and manner of ripening, in Corporation and Graham station orchards 

[Each tree each year was classified as bearing a light, medium, heavy, or very heavy crop; as having an 
early, midseason, or late ripening season; and as having fruit that ripened evenly or unevenly] 


CORPORATION ORCHARD, 1931-34 i 


Kind of crop and manner of 
ripening 


Light: 

Even 

Fairly even. 
Uneven 

Total 

Medium; 

^^^ven 

■®®^Tairly even. 
Uneven 

Total 

Heavy: 

Even 

Fairly even. 
Uneven 

Total 


Trees 

Percent- 
of total 

Kind of crop and time of 
ripening 

Trees 

Percent 
of total 

Num- 

ber 

304 

83 

Light: 

Early 

Num- 

ber 

115 

43 

12 

3 

Midseason 

145 

55 

51 

14 

Late 

6 

2 

367 

100 

Total 

266 

100 

129 

45 

Medium: 

Early 

35 

34 

84 ! 

29 i 

Midseason 

188 

76 

73 

26 

Late... 

1 25 

10 

286 

100 1 

Total - 

248 1 

I 300 

S 

9 ! 

Heavy: 

Early 

1 0 

0 

22 

26 

Midseason 

27 

56 

58 ! 

65 

Late 

21 

44' 

86 

100 

Total. 

48 

100 


GRAHAM STATION ORCHARD, 1931-36 


Light: 

1 

i 


Even 

1 129 1 

89 

Fairly even 

I 30 1 

7 

Uneven 

6 i 

4 

Total,., -.1 

145 ' 

100 

Medium.: 



. Even.... ' 

156 i 

62 

Fairly even 

43 

17 

Uneven., ..... : 

62 

21 

Total...... , 

■ 251 : 

100 

Large: 



Even 

171 

52 

Fairly even _ . . 

62 i 

19 

, Uneven. 

94 

29 

.. Total.,,. 

327 

100 

Very large:' 



Even... ' 

8 ‘ 

5 

Fairly even, ...... 

61 

38 

Uneven.. .... 1 

92 ' 

57 

' Total... 

161 

100 


Light: 



Early. 

89 

61 

Midseason 

52 

36 

Late 

4 

3 

Total - 

345 

100 

Medium; 



Early 

115 

46 

Midseason i 

122 

48 

Late... 

14 

6 

Total-.,. 

253 

100 

Large: 



Early... 

55 

17 

Midseason 

. 172 ; 

■■ ,■ 53 

Late 

■ 100 1 

30 

Total 

■ 327- 

lOO 

Very large: 



Early 

2 ' 

1 

Midseason 

83. 

52 

Late 

76 

47 

Total.,.. 

161 

100 


, * In, 1931 the crops' in the Corporation orchard were not ela.SEifie(l as to early, midseason, or late and i^ain 
in 1934 only a part was so. classified. 
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Table 3. — ■Ripejiing-season data for individuals of selected groups of Mo^itmorency 
cherry trees in the Graham station orchard^ 1931-36 

[The figures presented are the averages for the 25 lowest and 25 highest yielding individuals of each year, 
regardless of what those individual trees may have yielded in other years. The 50 individuals were the 
extremes from the standpoint of yield of the 149 trees in the orchard] 


Year 

Tbe 25 lowest-yielding trees ^ 

The 25 highest-yielding trees ^ 

Average 

yield 

Average 

ripening 

date 

Averages of 
standard 
deviations 
in rii>ening 
date for each 
of the 25 trees 

Average 

yield 

Average 

ripening 

date 

Averages of 
standard 
deviations 
in ripeni,ng 
date for each 
of t.lie 25 trees 


Pounds 


Days 

Pounds 


Days 

1931- 

1 59 

i July 19 

4.80 

195 

July 28 

4. 01 

1932 : 

1 " 

1 July S j 

2.44 

97 

1 July 10 

3.76 

1933.— . 

49 

July 11 

1.70 

175 

i July 14 

i 2. 10 

1934-. 

46 

1 July 10 


262 

1 July 16 ; 

.40 

1935 

48 

i July 23 

1 1. 25 

165 

1 July 25 i 

1.30 

im.. 

125 

i July 27 

1 

4.20 

346 

! 

1 July 29 ^ 

1 5. 30 


1 It should be made clear that each of the 25 trees (say lowest-yielding trees) had a day which w^as considered 
to be its “ri|)eninif” date (here an average) and that each tree had a “ripening period” standard deviation, 
or a period in which about two-thirds of its fruit ripened. The averages are merely the averages of these 
quantities for the 25 trees. Henc« the average of the standard deviations is an average of the periods, for 
each tree, in which about two-thirds of the fruit ripened. This value shows the average jjeriod in which 
about two-thirds of the cherries rif)ened; it is akin to an average of ripening periods or an average of ranges. 
This average of the standard deviations' is not' a standard deviation of the set of items made up of averages 
of ripening 'dates. 

INFLUENCE OF SHADING AND SIZE OF CROP ON RIPENING 

SEASON 

It lias long been a matter of observation that cherries in the t ons 
and on the more exposed outside limbs of the trees often ripen earE^ 
and more evenly than those on the lower and interior limbs. In order 
to obtain information as to whether this is in the main a size-of-crop 
or a shading-and-exposure influence several trees were selected shortly 
before harvest in the summer of 1932 and again in 1933, as follows: 

(1) Trees with a hea^CT one side and a light crop on the other, 

(2) trees with a heavy crop in the top part and a light crop in the 
bottom, but with no marked difference between the two parts in 
exposure to light. Fractional pickings were made of the two sides 
of these trees and of their upper and lower halves, respectively, and 
great care was taken to harvest fruit only of the same degree of ma- 
turity. 'Still other trees were selected in the same years, all of which 
were bearing relatively heavy crops, but some of wiiich had (3) dense 
tops with heavily shaded centers and (4) others which had very open 
spreading tops with centers well exposed to sunlight. In harvesting 
the fruit from these last two groups, fractional pickings were made of 
(a) tops and centers, and (b) inside or center portions. The harvesting 
records of these four groups of trees, are presented in table 4. 
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Table 4. — The f'ipening season and yield of Montmorency cherry trees as influenced 
hy the location of the fruit in different parts of the tree, Graham station orchard, 
1933-33 , 


Tree no. 

Picking 

dates 

Portion of 
tree 

Yield 

Tree no. 

Picking 

dates 

Portion of 
tree 

Yield 





Lb, 

Pet. 





Lb. 

Pd. 


(July 

8, 1932 

East side 

39 

76 


/July 

9, 1932 

Outside.-.-. 

36 

84 


July 

11, 1932 

do 

12 

24 


July 

12, 1932 

. — do-—. 

7 

16 


July 

8, 1932 

West side... 

14 

88 


July 

8, 1932' 

Inside — 

9 

50 

A 

July 

11, 1932 

do 

2 

12 


July 

12, 1932 

do 

s. 

44 


July 

6, 1933 

East side 

8 

11 

1~C (oiien 

July 

15, 1932 

do- 

1 

6 


July 

11, 1933 

do 

48 

65 

top). 

July 

7, 1933 

Outside 

21 

19 


July 

17, 1933 

-—-do 

18 

24 


July 

12, 1933 

do 

51 

47 


July 

6,1933 

West side,— 

35 

69 


July 

16, 1933 

do - 

37 

34 


July 

11, 1933 

do 

16 

31 


July 

12, 1933 

Inside. - . 

12 

51} 


(July 

8, 1932 

Top—- 

41 

77 


July 

16' 1933 

do 

12 

50 

1-TT 

July 

11, 1932 

do 

12 

23 


(July 

7, 1933 

Outside 

36 

26 

i JQ 

July 

8, 1932 

Bottom..--- 

7 

37 


July 

1 , 2 ; 1933 

do 

38 

61 


July 

11,1932 

do 

12 

63 

1“'U (<j,CllS6 

■{July 

16, 1933 

do 

S 

13 


/July 

9, 1932 

Outside 

60 

75 

Mp ) . 

July 

12, 1933 

Inside ! 

22 



July 

12 ; 1932 

do- 

20 

25 


IJuly 

16. 1933 

do _! 

27 

55 


July 

9, 1932 

Inside 

2 

8 


(July 

7, 1933 

Outside ' 

17 

17 


July 

12, 1932 

- do 

20 



July 

12,1933 

do 1 

72 

i 71 

1-B' (dense 

July 

15, 1932 

do 

4 

15 

r A A i 

■ July 

16, 1933 

do ■ 

12 

12 

top). 

July 

7, 1933 

Ontsidft 

9 

8 

lopj. 

July 

12. 1933 

Inside 

30 

59 

July 

12, 1933 

-----do 

72 

69 


.July 

lf>, 1933 

do 

21 

4:1 


July 

16, 1933 

do 

24 

23 


July 

7, 3933 

Outside 

5 

5 


July 

12, 1933 

Inside 

35 

58 


July 

12, 1933 

do 

60 

66 


iJuIy 

16, 1933 

do 

25 

42 

y-j (open 

•iJuly 

16, 1933 

do 

26 

29 







lOpj. 

July 

12, 1933 

Inside 

18 

60 




I " 




July 

16, 2933 

do - 

12 

40 


It will be aoted that in both years the light-cropping side of tree 
15-A matured its fruit somewhat earlier and niore evenly than the 
heavier cropping side. However, both trees (1~H and 15-A) which 
-^d been so grown and so pruned that both tops and bottoms were 
well exposed to light but which bore heavier crops in the tops than in 
the bottoms, had a tendency to mature their fruit eaiiier in the tops 
than in the bottoms in spite of the larger crops. This might lead to 
the assumption that shading of fruit and foliage in the low^er part of 
the tree was responsible for the later and more uneven ripening. 
However, the fact that those trees for which “outside” and “inside” 
picking records Were obtained ripened tlieir outside fruit earlier and 
more evenly than their inside fruit, regardless of whether the tree 
had a dense or an open top, would indicate that shading within the 
limits commonly afforded by the tops of cherry trees is perhaps not 
of so great iniportance in this connection. Observations as to the 
distribution and ripening of the fruit in the several parts of these 
trees, together with the data in table 6, lead unmistakably to the 
opinion that both earJiness and evenness of ripening depended more 
upon the relative amount of leaf area as compared with the amount of 
fruit borne by the portions of the tree in question. Wliere there was 
a relatively large amount of foliage for the fruit of the limb or part of 
the tree in question, the ripening season was comparatively early and 
even ; where foliage w^as limited for the fruit associated with it and to 
the development and ripening of which it was contributing, ripening 
was delayed and uneven. This interpretation of ripening behavior 
ties in with and helps explain some of the seasonal peculiarities in 
season of maturity mentioned earlier in this paper, e. g., the late 
and uneven ripening of the 1936 crop, which was extremely heavy. 
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Even more convincing as to the retarding effect on ripening of a 
very large crop and of Umited leaf surface are the records obtained 
in 1933 in the Early Richmond block briefly described under Materials 
and Methods. Four trees considered as fairly representing the con- 
ditions of tree growth and crop in this block were selected. At 
harvest counts were made of the number of cherries on limbs of 
approximately the same diameter in each of these trees and of the 
number of leaves accompanying them. The cherries were weighed 
and classified as to maturity, and leaf areas were determined. Similar 
records were made for the wRole trees. The data obtained are sum- 
marized in tables 5 and 6. In general the larger the amount of foliage 
in relation to the amount of fruit, the more even and complete was 
the ripening of the fruit. It is realized, of course, that branches of 
the sizes included in this table are not entirely independent, for there 
is considerable translocation of food materials from limb to hmb in 
the cherry tree (8). The data obtained permit no exact statement as 
to the number of leaves or the leaf area necessary to mature a cherry, 
but for Early Richmond in the Roach orchard in 1933 it appears that 
not less than 5 square inches of leaf area w'as required for each fruit 
if it was to ripen properly and that when there was an 8- or 10-square- 
inch leaf area present per cherry, the chances of those cherries ripening 
properly at the normal maturing season were good. 

Table 5*—'Harfmitng and leaf records of 4 Early Richmond trees growing near Hart, 
Mich., arranged in descending order according to apparent vegetative vigor, 19SS 


Item 

Tree A 

Tree B 

Tree C 

Tree D 

Trunk clrcumferenee 

inches— 

24.5 

20.0 

20.5 



24.0 

Lea vesj estimated L 

number— 

89,000 

68,000 

63,000 

64,000 

Leaf area, estimated'^ 

.square inches-- 

293, 700 

223,000 

195, 900 

2021200 

Leaves per fruit, estimated 


3.1 

3.2 

L 10 

1. 15 

Leaf ares, per fmiL estimated 

-square inches.. 

10. 30 i 

10.60 

6.63 

3.66 

Total fruits 

number— 

^,285 1 

20,976 

29,559 

55,350 

Fruits maturing properly 

do.-.- 

18.580 

11, 149 

13, 753 

16,860 

Fmits not maturing properly 

- -do — 

9,699 i 

9,827 

15,806 

38, 500 

Total weights of fruiL 

pounds- 

178.3 

138.4 

167.6 

266.0 

Weight of fruit maturing properly 

— do— 

117.9 

72.4 

81.1 

91.5 

Weight of fruit not maturing properly ■ 

do..— 

60.4 

66.0 

76.5 

174. 5 

Average cherries per pound 

number— 

159 

152 

188 

203 

Average cherries per. pound .maturing properly 

do 

158 

154 

170 

184 

Average cherries per pound not maturing properly. 

—do 

160 

150 

207 

i ■' .221 


^ Estimate made by counting the leaves on several branches 2 inches in diameter and multiplying that 
number by the estimated number of branches of equivalent size. 

^ Estimate made by multiplying the 'estimated number of leaves by the average area of a large random 
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Table 6.' — Size and maturity of fruits from selected branches of Early Richmond 
trees j as influenced by the associated leaf areOj Hart, Mich,yl9SS 


Tree 

Branch 

no. 

Branch 

diame- 

ter 

Fruits 

maturing 

properly 

Aver- 

age 

number 
of fruits 
per 

pound 

matur- 

ing 

proper- 

ly 

Fruits 

not 

maturing 

properly 

Aver- 

age 

number 
of fruits 
per 
pound 
not 

matur- 

ing 

proper- 

ly 

Total 

leaves 

Aver- 

age 

number 

leaves 

per 

fruit 

Total 

leaf 

area 

Aver- 

age 

leaf 

area 

per 

fruit 

Fruits 

matur- 

ing 

proper- 

ly 




Num- 


Num- 

Num- 


Num- 

N'um- 

Num- 



Per- 



In. 

ber 

U. 

ber 

ber 

Lb. 

ber 

ber 

her 

Sq. in. 

•Sq. in. 

cent 



M 

562 

3.3 

170 

31 

0.2 

155 

1, 265 

2.1 

3,767 

6.4 

95 


5 

M 

320 

1.95 

164 

5 



700 

2.1 

2,205 

6.8 

99 


6 

M 

515 

3. 15 

164 

69 

.4 

172 

1,808 

3.0 

5,243 

9.0 

88 


7 

M 

348 

2.0 

174 

123 

. 75 

164 

1, 126 

2.3 

3, 772 

8.0 

73 

A 

2 

H 

91 

.55 

165 

14 

.07 

200 

209 

2.0 

587 

5.6 

86 


3 

M 

83 

.5 

166 

10 

.05 

200 

336 

3.6 

1,014 

10.9 

89 


4 

H 

103 

.65 

159 

0 

0 


182 

1.76 

551 

5.3 

100 


S 

H 

48 

.3 

160 

21 

.1 

210 

148 

2.1 

534 

7.7 

70 



H 

84 

.5 

i 168 ' 

30 

.15 

200 1 

222 

1.9 

672 

5,9 

74 


5 


53 

.3 

; 177 ! 

26 

.15 

173 

234 

2.96 

720 

9.1 

67 


7 

Hi 

75 

.45 

i 167 1 

45 

.25 

180 ! 

157 

1.3 

455 

3.8 

63 

B.._ 

3 


83 

.5 

i 166 ' 

19 

.1 

190 ' 

219 

2.1 

650 

6.3 

81 


2 

Vl' 

226 

1.4 

! 161 


Li 

177 I 

454 

1.07 

1,384 

3.3 

54 


4 

H\ 

231 

1.5 

i 154 1 

30 

.2 

150 1 

701 

2.7 

2,046 

7.8 

89 


6 

Ml 

177 

1.2 

1 148 ! 

56 

.4 

140 

495 

2.1 

1,494 

6.4 

76 


1 

M' 

70 

.4 

1 175 i 

mj 

.15 

373 

141 

1.1 

400 

3.2 

65 


2 

M; 

73 

.4 

i 182 1 

98 

.5 

196 

2U 

1.2 

588 

3.4 

43 


4 

Ml 

37 

.2 

185 1 

71 

.25 

284 

106 

.98 

260 

2.5 

34 

o 

i 5 

M 

78 

.4 

195 

76 

.3 

253 

2Q2 

1.3 

559 

3.6 

51 


3 

Ml 

185 

1.1 

168 ^ 

189 

.95 

199 

490 

1.3 

1,465 

3.9 

50 


6 

Ml 

334 

1.9 

176 ' 

424 

1.9 

223 

1, 012 

1.3 

2,742 

3.6 

44 


7 

M| 

255 

1.55 

165 1 

217 

1.2 

181 

i 735 

1.5 

2,249 

4.8 

54 


1 8 

M 

407 

2.45 

166 i 

336 

2.0 

‘ 168 

' 1,418 

1.9 

4,296 : 

5.8 

55 


2 

! Ml 

106 

.5 

212 i 

39 

.2 

195 

259 

1.78 

880 1 

6.1 

73 


3 

I Ml 

26 

. 2 

130 1 

114 

.6 

, 190 

277 

1.9 

781 

; 5.6 

18 


4 

Ml 

39 

!i5 

260 

143 

.7 

1 204 

204 

1.1 

669 1 

1 3.7 

21 

"n 

7 

1 M, 

108 

.55 

196 

54 1 

.2 

270 

153 i 

.94 

430 i 

’ 2.7 

66 


1 

! M: 

201 

1.0 

201 

676 

3.1 

218 

712 i 

1 .8 

2,065 1 

2.4 

22 


6 

Mi 

562 

2.8 

200 

314 

1.5 

210 

816 

.93 

2,407 1 

27 

64 


6 

Mi 

238 

1.2 1 

^ 198 

492 

2.15 

229 1 

509 

.7 

1,598 ! 

‘ 22 

32 


8 

; ^^1 

397 

1.95 

i 1 

204 

! 256 

! 1.1 

i 

233 j 

747 

1.1 

2,181 1 

3.3 

60 


I Correlation coefficient between average leaf area in square inches per fruit and percentage of fruit matur- 
ing properly equals 0.64=h0.04. 


EFFECT OF NITROGENOUS FERTILIZERS ON RIPENING SEASON 

The statement is often made that applications of nitrogen-cariying 
fertilizers have a tendency to delay the ripening of cherries,^ and many 
fruit growers are of that opinion. All of the trees furnishing records 
for this study received annually a moderate application of sulphate 
of ammonia — -from 2 to 4 pounds per tree — the quantity varying with 
the season and size of tree. The records of these trees therefore 
did not furnish an ansvrer to the question as to the influence of nitro- 
gen-carrying fertilizers on season of maturity of the fruit. Inasmuch 
as an earlier study (6) of cultural practice in the Montmorency cherry 
orchard, which included some fertilizer trials, had failed to show any 
marked influence of applications of nitrogenous fertilizers on ripening 
season, it was decidm to put the idea to a crucial test. Several 
trees on the Graham station grounds, not included in the block for 
which ripening-season records have been given, several years older but 
more or less comparable to them, were treated with heavy applications 
of sulphate of ammonia each year for 3 successive years. Eighteen 
pounds per tree per year were applied to some and 25 pounds per tree 
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to others. These applications were so iieavj that they destroyed all 
vegetation beneath the trees, but apparently they did not injure the 
tree roots, at least not seriously, for the trees made a very vigorous 
’ vegetative growth, blossomed freely, and set and matured lie^vj crops. 
Each ,year the fruit ripened midseason or earlier for Montmorency in 
that part of the State and the ripening season was remarkably even. 
The heavy fertilizer applications had no retarding effect on maturity. 
There was ample foliage tlmougliout the trees for the even and reason- 
ably early maturity of all the fruit that they produced. 

In tliis connection it should be mentioned that the thin, weak 
wood ^ had been removed from the centers of these trees so that they 
contained few or no friiiting branches that had set a considerable 
number of fruits but that did not possess a correspondingly large 
amount of foliage. Observation leads to the opinion that the idea 
that the application of nitrogenous fertilizer to cherry trees causes 
dela^^ed iiiatiuity and unev'en ripening is due in large measure to the 
fact that because of the crowding and shading effect of the vigorous 
branches in the outside and top of the tree, the interior branches 
become W'eak, produce little foliage, and then set more fruit than they 
can mature properly. The result is delayed and uneven ripening on 
the part of this fruit in the center of the tree. Removal of the slender, 
weak fruiting wood from the centers -would do aw^ay with the difficulty. 

INFLUENCE OFSTRAIN ON EARLINESS AND EVENNESS OP RIPENING 

Reference has been made to the occurrence of late-maturing limb 
or whole-tree sports in cherry orchards. The Corporation orchard, 
which furnished part of the data for this study, contained one suctP* 
late-iipening tree. In no year could it be picked wffien the other 
trees were being harvested, its harvesting season being about 10 days 
later. This particular tree has been propagated and some of its prog- 
eny brought to bearing age. ; The daughter trees faithfully reproduce 
the late-maturing characteristics of their parent, thus furnishing 
evidence that the late ripening of the parent tree is not due to stock 
or other environmental influences, but is due to a strain difference. 
The Graham station orchard likewise contains one late-maturing 
whole-tree sport, averaging about a week later than the other trees 
m the same block, and several late-maturing limb sports. The 
author has noted many such late-maturing whole-tree and limb sports 
m the cherry orchards of ^vlicliigan. They are of frequent occurrence 
m Montmorency, very frequent occurrence in English Morello, of 
less frequent occurrence in Early Richmond. A large number of 
these season-of-maturity sports have been propagated at the Graham 
station, and they have been found to transmit their characteristics 
to their vegetative progeny. There can be no question, therefore, 
as to the existence of late-maturing^ and early-maturing strains of 
ciienies m tiie stocks of the tlixee leading sour clierry varieties as they 
ane obtainable from the trade, and there can be no question as to how^ 
they have originated. Close observation in himdreds of cherry 
orchards m hliclngan warrants the statement that, though these 
sinking sports are of rather frequent occurrence, they are recognized 
o\ the grower for wdiat they are, they are not harvested along with 
the mam crop, in many cases tliey are not harvested at all, and per- 
haps on the whole they can be i^ored. 
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The occurrence of these striking season-of-matmity sports^ howeYcr, 
raises a question as to whether there are not an equal or greater 
number of less proniinent strains that are not so readUy recognized 
but that; coniniercially, are more important because they are con- 
stantly contributing to lateness or unevenness of maturity. Obviously 
the very limited nurnber of trees for wMch harvesting-season records 
were available for this study are inadequate for a satisfactory answer 
to this question. It may be noted, however, that, except for the 
two late-matming whole-tree sports just mentioned, in no single 
instance did a tree that ripened its fruit relatively early or relatively 
late in some one season similarly ripen its fruit relatively early or 
relatively late in all of the other seasons. Thus, for instance, of the 
17 tines out of the entire 149 in the Graham station orchard that 
matured their fruit earliest in 1931, only 4 matured their crop rela- 
tively early in 1932, only 2 in 1933, 7 in 1934, 2 in 1935, and 2 in 
1936; furthermore, 11 of the 17 matured their fruit relatively late in 
1932, 1 matured its fruit late in 1933, 2 in 1934, 4 in 1935, and 2 in 
1936. The influence of the ratio between amount of foliage and size 
of crop, already discussed, apparently was sufficient to mask any minor 
strain influences in respect to ripening season. 

DISCUSSION 

The interpretation to be placed on the data that have been presented 
is that, though the ripening season of cherries depends in large measure 
upon growing-season temperatures, both earliness and evenness of 
ripening are considerably influenced by size of crop and the relative 
amount of leaf surface that accompanies it. Kipening can be has- 
tened and rendered more uniform by employing such cultural measures 
as promote a vigorous growth and keep the leaves functioning actively. 
Pruning, especially the kind that removes weak, slender, interior 
limbs that are rather poorly supplied with leaves, and the liberal use 
of nitrogenous fertilizer tend to provide such proper balance between 
vegetative growth and size of crop, and spraying with such materials 
as protect the leaves from fungous attack without causing an undue 
amount of spray injury tends to maintain it. 

SUMMARY 

The ripening season of cherries in contiguous areas often varies 
greatly, there being as much as 3 to 4 wreeks^ difference for the same 
variety between places 25 to 200 miles apart in the wmstem Michigan 
fruit belt. 

The ripening season of the same variety in the same orchard may 
vary as much as 2 to 3 weeks from year to year. 

Growing-season temperature is a factor of major importance in 
determining the ripening season of cherries, ripening being delayed 
by relatively low?- temperatures, 

ripening season within the same orchard in any one 
season and likewise from year to year is due in large mpsure to size 
of crop and the relative amount of foliage associated with that crop, 
large crops and limited foliage tending to delay maturity and cause 
uneven ripening, and, conversely, small crops and abundant foliage 
tending to promote earliness and cause even ripening. 
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Cultural measures that tend to establish and maintain a. proper 
balance between crop and vegetative growth tend toward earher 
and more even maturing. Such measures include the use of nitrog- 
enous fertffizerSj spraying to protect the leaves, ^ and the removal 
by priming of small, interior limbs that have a relatively small amount 
of leaf surface in comparison to their crop. 

Contrary to general opinion, the liberal use of nitrogen-carr3dng 
fertilizers , wms not found to. lead to delayed maturity and uneven 
ripening. It lias the opposite effect, if proper pruning methods are 
employed. 

Bud sports giving rise to late- or early-maturing strains are of 
rather frequent occurrence in the sour cherry, but they are of second- 
ary importance to the factors already mentioned in causing delayed 
or uneven ripening in the crop as a 'whole. 
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OBSERVATIONS ON THE VARIATIONS IN CYANOGE- 
NETIC POWER OP WHITE CLOVER PLANTS » 

By Charles F. Eogers, assistant agricultural biockemistj and 0. C. FrykolMj 

Emergency Relief Administration research assista7Uj Division of AgricuMurcd 

Biochemistry j Minnesota Agricultural Experiment Station 

INTRODUCTION 

Mii*ancle appears to have been the first to note the cyanogenetic 
property of some individuals of the common white clover, Tri-folium 
repens L., which is abimdant in lawns and pastures. He barely 
anticipated Armstrong, Armstrong, and Horton ^ in the announce- 
ment of the observation. The last-named authors were seeking to 
explain the notable differences in nutrient qualities of some adjacent 
pastures. Because the botanical composition of the pastures was not 
alone sufficient to explain the observed differences they sought quali- 
tative differences in plants as well as possible peculiarities of the soil 
to explain the discrepancies. They stated that a kind of “wild white 
clover’^ was coming into favor early in the century^ because of its 
greater longevity and value in pastures, and that many such plants 
were cyanophoiic, whereas cyanophoric seedlings of the common 
white clover were rare. Their observations showed that white clover 
plants from 15 sources varied both in cyanogenetic power and in 
ability to hydrolyze cyanogenetic glucosides when such glucosides 
vrere added to aqueous extracts of the clovers. Only 2 of the 15 
groups tested w^ere found to act selectively on different cyanophoric 
glucosides, the remainder acted either on all or on none of the 
glucosides. 

More recently Askew Doak and Kigg et al. ® have studied the 
cyanophoric properties of white clovers m New Zealand. Like Aim- 
strong and his associates, they found that the wild white clovers wrere 
cyanophoric, but that the clovers^ cyanophoric powers varied widely 
with location and type. Askew found a seasonal variation in the 
hydrocyanic acid (HCN) content of white clover, with a tendency for 
the acid to increase in late summer. Doak ^ concluded that: 

There is considerable correlation between HCN content and t3pe of white 
clover. 

The most highly producing and persistent lines are invariably associated with 
high HCN content while the poorer short-lived types are low in this respect, 

Doak stated also that plants from the same line vary in HCN con- 
tent. Rigg, Askew, and Eadson ® found a variation of from 0.0016 to 
0.0124 percent of HCN in white clover from 11 sources. 

i Received for publication Apr. 16, 1936; issued October 1937. Journal Series Paper No. 1423, Minne- 
sota Agricultural Es'periment Station. The investigation reported here was made possible by workers 
supplied' on W. P., A. project 1985, Minnesota "Works Progress Administration; sponsor. University of . 
Minnesota. 

^MlRANDE, M. SUE LA PRilSENCE DB L’ACIDE CYAKHYDRIQPE DANS LE TRIFLE EAMPANT ' (TEIFOLIIJM 
REPENS L.) Gompt. Rend. Acad. Sei. [Paris] 155: 651-653. 1912. 

3 ARMSTRONG, H. E., ARMSTRONG, E. F., and Horton, 'E.., herbage stltdies. ii .—variation in lotus 
COENICVLATVS AND TRIPOLTOM REPENS {CYANOPHORIC PLANTS). Roy. SOC. [LondOn], PtOC., B 86: 263-269. 
.1913.'' 

4 Askew, H. 0.. determination of hydr^ocyanic acid in white clover. New Zeal. Jour. Sei. and 
Technol. 15; 227-233. 1933. 

3 Doak, B. W. ' a, chemical method for the determination of type in white clover. . New Zeal. 
Jour, Sci. and Technol. 14: 359-365, illus. 1933. See p. 364. 

s Rigg, T., Askew, H. O., and Kidson, E. B. occtjerence of cyanogenetic glucosides in nelson 
pasture PLANTS. New Zeal, JouT. Sci. and Technol. IS: 222-227. 1933, 


Journal of Agricultural Research, 
Washington, D. C. 


( 533 ) 


Vol. 55, no. 7 
1937 ■■ 

Key no. Minn .-102 



534 


Journal of Agricultural Eesearch 


Vol. 55, no. 7 


In 1934j when the New Zealand work fost came to the writer’s 
attention^ tests of 15 plants of white cdover for HCN had proved to 
be aM negative; but potted New Zealand white clover seedlings were 
consistently cjmnogeiietic. Early in ]May 1935; preliiiiinaiy tests of 
30^ clover plants growling on the cainpiis of University Farm /St. Paul, 
Minn.; showed 6 to be strongly cyanogenetic. Five hundred plants 
were pemiaiieiitly labeled by June 24 ^ 1935. This study was con- 
tinued until early in August when further tests for 1935 had to be 
abandoned. 

TECHNIQUE AND RESULTS 

The tecliniciiie employed in the tests was as follows: Six mature 
leaves (18 leaflets) of each clover plant were put into a 6- by %-inch 
test tube; frozen at —15° C. Nearly saturated picric acid (0.05 
molar) was poured over sodium bicarbonate until all of the solid 
dissolved. If any precipitate formed within 2 mmiites more picric 
acid was added. A layer 2 mm deep was poured into a Petri dish, 
and white filter paper in strips 3 min wide was momentarily dipped 
straight down into the solution^ then laid on glass rods for the solution 
to soak up the paper and partly dry out. 

One milliliter of water vras measured from a burette into each tube 
containing frozen clover leaves. The test strip was inserted into the 
tube; and held in place by the cork. These were allowed to stand at 
room temperature (22° to 28° C.) for 1 day, when they w^ere set into 
water at 50° for 15 minutes to volatilize HCN in the solution. The 
papers were removed and compared immediately with the standards 
set for scaling purposes. This is a modification of the Guignard ^ 
test. 

As interest was centered in the groups of cyanophoric plants rather 
than in the exact amount of hydrocyanic acid in each plant, the test 
papers which indicated the unqiiekioned presence of hydrocyanic 
acid in the clover plants were separated into only five groups (table 1). 
The records entered in table 1 under ''Trace’’ indicate a color of the 
paper between that of a negative test (paper the original yellow) 
and definitely reddened tinge to the yellow or strongly colored!^ paper, 
which is taken as proof of presence, and a measure of quantitv of 
hydrocyanic acid present. 

The conditions of soil, moisture, and hght exposure, although not 
identical within each plot, w^ere much alike. 

It is seen from table 1 that the greater portion of the plants in any 
location and at any time were negative in tests for hydrocyanic acid. 
About twm-thirds of the total number tested were negative. It 
might be expected that these tests were grouped largelv about some 
plants consistently negative in all tests. Plants consistentlv negative 
w^ere grouped together, as were also those consistently positive and 
those^ intermediate ones 'which showed both negative and positive 
reactions. The number of tests made on each plant is given in table 2, 
and the plant is entered in the line corresponding to number of tests. 
Thus, if a plant was tested five times and found to be positive three 
times and negative twice, it would be entered in the column for 
positive three times. When only a trace appeared one or more times, 
the plant w muld be entered in the :Column headed, "Trace.” Such 

Sd.lStm: ^ CTANSY0RIQTJE, T&Asmtm xuNATGs .L. Gompt. Rend. Acad. 
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plants are essentially negative. All groups of plants were tested at 
least three times, but in each group some plants were lost by the 
destruction of stakes, and other plants had to be assigned the same 
number. This accounts for the 39 plants tested less than three times, 
and 133 plants tested three times. 


Table 1. — Disirihution of hydrocyanic acid in clover plants according to location 

of plants 


Plant group nos.^ 

Number of tests 

Plants testing— 

Total 

Per 

plant 

Nega- 

tive 

Positive (classified as to approximate 
intensity) 2 

Trace 

1 

2 

3 

4 

5 

0-99 

420 

5 

278 

13 

45 

46 

23 

13 

2 

100-199 

388 

4 

289 

23 

34 

IS 

20 

2 

2 

200-299- 

299 

3 

204 

IS 

36 

19 

14 

8 

0 

300-399- 

384 

4 

217 

13 

48 

57 

40 

S 

1 

400-499 

492 

5 

297 

21 

79 

47 

28 

12 

8 

Total 

1,983 


1,285 

88 

242 

187 

125 

43 

13 

Percentage of total tests 



64.80 

4.4 

12. 20 

1 9.43 

i 6.30 

2. 17 

0.66 


^ Site of plants and soil types: 0-99, highland, various types of soil and moisture, old and young plants; 
100-299, flat, shallow, sandy soil over gravel bed, old stand; 300-399, sloping sandy soil, thin sod 7 years 
old; 400-499, black soil, bottom land of pasture, old sod. 

2 “Trace” indicates a color of the paper in between definite negative and definite proof of the presence of 
hydrocanic acid in appreciable quantity; classifications 1 to 5 indicate hydrocyanic acid in increasing quan- 
tities. 


Table 2. — Consistency in the cyanogenetic property of white clover plants as measured 
hy the Guignard test-paper method ^ 


Plants testing- 


Plants 

tested 

(num- 

ber) 


Tests 


Negative 


Positive (classified as to approximate intensity) 


\Num- Num- 
ber ber 


Trace 1 


Per- iNum- 
cent I ber 


Per- Num- 
cent ber 


149. 

192. 

133. 

27-. 


5 63 

4 82 

3 57 

2 20 

1 9 


35.6 

42.7 
42.9 
74. 1 
75. 0 


10 

9 



25 

34 

36 

4 

3 


2 


Per- 


iVhwi- 


cent 

16.8 

17.7 
27.1 

14.8 
25.0 


ber 

17 

26 

16 

3 


3 


Per- Num- 
cent ber 


11.4 

13.5 
12.0 
11. 1 


27 

21 

15 


4 I 5 


Per- 

Num- 

Per- 

cent 

ber 

cent 

IS. 1 

9 

6.04 

10. 9 

19 

10.00 

11.3 




Per- 

cent 

10.7 


^ Guignard, L. See footnote 7. 

The percentages of plants giving a negative reaction in the groups 
tested five, four, and three times agree rather well. This suggests 
that there there are mixed in the sods at University Farm a larger 
portion of noncyanogenetic white clovers than cyanogenetic. There 
is also a group of plants similar in general appearance but which gives 
consistently positive tests for HCN. Some plants varied in cyano- 
genetic power, hut the preponderance of plants was consistently non- 
cyanogenetic. Although not specifically shown in tables 2 or 3, there 
was no detectable consistency among those plants with one or two 
positive tests for HCN, for many were positive at first, but negative 
in later tests, and some were negative at first but positive in one or 
two later tests. Individually variable plants showed no consistency 
in their tests. 
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Table S.— Teats of cyanogeneiic poicer of lohite clover on University Farm campus^ 
on varkrm dates during the summer of 1935 


Date 

! Plant 
group 
; nos. 

1 Total 
; tests 

Plants testing as indicated 

1 

; Xega- 

1 Positive, classified as to approximate intensity 


tire 

: Trace 

1 

2 

3 

4 

5 


; 0- 99 

^ 91 

I-S- 

3 

6 

6 

1 



May 13 

Cl- 99 

SI 

62 

2 

6 

8 

1 

2 


May 19 

409-499 

99 

71 

10 

14 

4 




May 21 

0- 99 

79 

39 


14 

13 

8 

3 


May 22 

4«B-499 

100 

61 

1 

13 

1.5 

8 

*:> 


May 24 

109-199 

100 

84 

4 

3 

3 

4 


2 









Period total 


550 

392 

22 

56 

49 

22 

7 

2 

Pereentaye... 


100.00 

71.28 

4.00 

10.18 

8.91 

4. 00 

1.27 

.36 

June 7 

0- 99 

85 

46 

5 

13 

9 

7 

3 

2 

Do... 

40fV-499 

99 

64 

8 

14 

S 

3 

1 

1 

Jane .19 . .... 

IW-i99 

90 

73 

■ 8 


4 

3 

] 


Do 

200-299 

100 

63 

9 

13 

6 

4 



June 24 

j 300-399 

99 


o 

3 

9 

8 



June 2“ 

1 100-199 

100 

7" 

5 

8 

5 

4 

] 


Do 

i 200-299 

99 ! 

89 

0 


3 

4’ 

1 


Julj’ S ..... 

1 300-399 ' 

9g ^ 

39 

3 

n 

23 

IS 

3 

1 

Do. ■. 

1 400-499 

; 9S ; 

43 

0 

23 

13 


5 

7 

Period total... 


i 874 i 

571 

40 

94 

80 

58 

20 

11 

Percent ases 


100.00 i 

65.33 ; 

4.58 

10. 76 1 

9. 15 

6. 63 

2. 29 

1.26 

July .16 

0- 99 1 

84 ! 

56 ' 

1 

6 ! 

10 { 

6 

5 


Do .....i 

300-399 

97 1 

47 i 

2 

18 i 

15 

11 

4 


July 29. i 

: 20CP299 

100 i 

52 i 

9 

21 i 

10 

6 

2 



1 100-199 

92 : 

55 i 

6 

16 ! 

6 

9 



Jo.Iy3l 1 

400-499 

96 I 

58 i 

2 

15 ! 


10 

4 


Aiit;. 1 1 

300-399 

90 ! 

.54 I 

6 

16 I 

10 

3 

1 











Pe.r.lod total ■ 


559 1 

322 i 

26 

92 

58 

45 

16 

0 

Percentages J 


100.00 

57.60 

4, 65 

16.46 1 

10. 38 

8. 05 

2.8G 







— j 



Grand total.. ,1 


1.983 ! 

1, 2S5 

88 

242 1 

187 

125 

43 

13 

Percentage 1 

i 


100.00 I 

64,80 1 

! 

4.44 

12.20 

9.43 

aio" 

2. J7 

.66 


^though tliis work was stopped about tbe middle of the normal 
Minnesota gi'owing season, tbe dry, hot weather after good spring 
and early summer rains permitted" the observation of the eSect of 
unfavorable growing conditions on the cyanogenetic activity of the 
clovers. Tests were made from May 9 to August 1, 1935, as shown 
in table 3, 'where the dates and number of tests of each group are 
tabulated against the progress of the season. 

From the data in table 3 which lists the tests in calendar order one 
notes a tendency for the number of negative tests of all groups to 
decrease. Subtotals are taken to show the possible differences in 
groupings with the advance of the season, utilizing the greatest 
intervals between groups of tests and changes in weather. The first 
group of tests wm made during cool, moist spring weather; the second 
or nud^e group during hot, humid weather when vegetation was 
fiourishing; and the last duimg a severe drought. 

The percentage of negative tests decreased appreciably with the 
advance of the season from 71.2'8 to 57.60. There was some rise in 
the number of plants mildly cyanogenetic, and a tendency to maintain 
or increase throughout the cyanogenetic activity. in all plants but 
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those highest in HCN. This observation seems to confirm those of 
Askew.® 

If the idea held by many, that cyanogenetic activity is induced or 
accelerated by conditions unfavorable for gross plant growth then the 
conditions of July should have induced even greater cyanogenetic 
activity than is apparent, as the increase over the second period is 
only slightly greater than the increase of the second over the first. 
The clover plants in man^^ cases were badly stunted by the time the 
last test material was taken* 

SUMMARY AND CONCLUSIONS 

To determine the cyanogenetic property of white clover (Trijoliwm 
re fens L,), from 1 to 5 individual tests were made on 513 different 
white clover plants. In aU, 1,983 separate tests were performed 
between May 9 and August 1, 1935, of which about two-thirds were 
negative. 

Approximately 40 percent of the plants tested three or more times 
were consistently negative. 

Only 10 percent of the plants tested three or more times were con- 
sistently positive, and these were usually strongly positive. 

There is an indication of increase in the cyanogenetic power of 
plants with increase in size of plant, with progress of season, and with 
a generally decreased moisture supply. 


8 Askew, H. 0. See footnote 4. 




MACROSPOROGENESIS AND EMBRYO-SAC DEVELOP- 
MENT IN EUCHLAENA MEXICANA AND ZEA MAYS'^ 

By D. C. CooPEE 2 

Assistant professor of genetics, Wisconsin Agricultural Experiment station 

INTRODUCTION 

Studies of macrosporogenesis and the development of the macro- 
gametophyte in the Maydeae are almost wholly limited to corn {Zea 
mays L.)/and little is known concerning these stages in the life history 
of other members of this tribe. True Giiignard (7), and Poin- 
dexter (,9) described the ovules of corn, observed double fertilization, 
and briefly outlined the early stages in the development of the embryo. 
Weatherwax (13, 14, 13) and Miller (8) studied the details of macno- 
sporogenesis and embryo-sac development. Later Weatherwax (17) 
compared the development of the endosperm of Coix {Coix lacryma- 
jobi) with that of corn. More recently Randolph (10) has presented 
an account of the developmental morphology of the caryopsis of maize 
in wliich embryogeny, endosperm formation and structure of the 
pericarp are fully described. The detailed cytological studies of 
chromosome morphology in teosinte (Euchlaena rnexicana Schrad.) 
and teosinte-corn hybrids (Beadle (2, d); Emerson and Beadle (6); 
Arnason (1)), as well as the genetical analyses of such hybrids, w^arrant 
a comparative study of macrosporogenesis and embryo-sac develop- 
ment in the two parents and the hybrid. 

MATERIALS AND METHODS 

The annual type of Florida teosinte was used in the present investi- 
gation. This variety, at the latitude of Madison, Wis. (43°), does not 
come into flower under field conditions until late in the faU. In 
order to force the plants into flower so as to make the desired crosses 
with corn, the seeds were planted in 8-inch pots in the greenhouse 
about the middle of April. The pots were taken to the field about 
May 15, the precise date depending upon the weather, and sunk into 
the ground so that the tops of the pots were flush Mth the level of the 
soil. A short-day treatment such as was described by Emerson (3) 
was begun at this time. This was accomplished by placing barrels 
over the plants at 5 o'clock each afternoon and removing them at 
7 o'clock the next morning. This practice was continued until the 
plants began to blossom (about July 15), when the barrels were re- 
moved entirely. Plants treated in this manner flowered abundantly 
and set a good crop of seed. Reciprocal hybrids between yellow dent 
corn and teosinte were obtained. 

Pistillate spikelets of teosinte and of corn of various ages were 
collected during the summer of 1934, dipped in Carnoy's fluid for a 

1 Received for publication Apr. 10, lf^7; issued October 1937. Paper from the Department of Botany 
and the Department of Genetics (no. 211), Wisconsin Agricultural Experiment Station. 

2 The writer desires to express his appreciation for support received from ihe Wisconsin alumni research 
fund during the period of these investigations. 

» Reference is made hy number (italic) to Literature Cited, p. 550. 
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short tiiiie (oiie-lialf to 1 minute), and transferred directly to Kar- 
peclieiiko’s modification of Nawaschin^s fluid. Tlie material was 
allowed to remain in tlie latter fluid from 36 to 48 hours, then washed, 
dehydrated, and embedded in 52° paraffin in the usual manner, cedar 
oil being used as the clearing agent. After embedding, longitudinal 
sections were cut at thicknesses varying from 12^ to 20^. The older 
material was cut thicker in order to obtain the embryo sac in as few 
sections as possible. The sections were mounted, serially, stained 
in dilute Delafield^s haematoxylin, and counterstained in safranine. 
This conibination is valuable because of the clear differentiation of the 
cytoplasm, spindle, and forming cell plate, 

OBSERVATIONS 

EUCHLAENA MEXICANA 
Development of the Ovule 

The single ovule first appears as an erect, rounded protuberance at 
the base of the carpel, later becoming more or less conical in shape. 
An apical hypodermal cell becomes differentiated as the primary 
archesporial cell while the ovule is in an upright position. This cell 
(fig. 1, A, a) differs from its neighbors in being conspicuously larger, 
with a somewhat denser cytoplasm and a larger nucleus (fig. 1, A). 
Shortly after the differentiation of the primary archesporial cell the 
integuments develop as outgrowths of the epidermis near the base of 
the ovule on the side away from the central axis of the pistillate spike. 
The inner integument (i) is the first to appear and shortly after 
its initiation and just below it the primordium of the outer in- 
tegument starts development. The entire ovule grows more rapidly 
on the side on which the integuments first appear so that it bends 
toward the main axis of the spike (fig. 1, D). The bending takes 
place in the region of the origin of the integuments and continues 
until the mature ovule assumes an amphianatropous position, i. e., 
it is a type intermediate bet’ween the amphitropous and the ana- 
tropous forms but approaches the latter (fig. 2, L), 

The inner integument, which remains two layers of cells in thick- 
ness, except at the apex in the mature stages, grows so that it has 
reached a level even with the tip of the ovule by the time the four 
spores are formed as a result of macrosporogenesis (fig. 2, E). The 
ovule at this time is so bent that the longitudinal axis of the row of 
spores makes an angle of approximately 45° to the pedicel. The integ- 
ument continues to elongate, growing slightly beyond the apex of 
the imceUus and forming a very short micropyle (fig. 2, L ) . The apical 
portion in the region of the micropyle becomes four or five layers of 
cells in tliickiiess by the time the ovule is mature. The outer integu- 
ment likewise remains two layers of cells in thickness except at the 
apex, where it may be three or four cells in thickness. It does not 
develop sufficiently to cover more than two-thirds of the ovule. 

The archesporial cell becomes the macrospore mother cell without 
further division and remains adjacent to the epidermal layer of the 
ovule until the nucleus shows advancing stages of the meiotic pro- 
phases (fig. 1, C). At later stages the cells of the epidermis divide 

to form three or four layers of nuceUar tissue bevond the spore mother 
cell (fig. 1, D, E, F). , ,,, V' 
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Figure l.— Euchlaena mexicana: .1, Young ovuk; a, archesporial cell; I, first evidence of integument forma- 
tion; X 425. B, Portion of nuceiius witli developing archesporial cell; X 425. C, ArciiesporM cell or mac- 
rospore mother cell at the onset of meiosis, X 425. Young ovule with developing integuments. Nu- 
cleus of macrospore mother ceil at a late spireme stage, X 426. E, Portion of nuceiius with macrospore 
mother cell. Nucleus at diplonema, X 425. jP, Same as nucleus at diakinesis; X 425. G, Nucleus of 
macrospore mother cell, diakinesis; X lr625. H, Maerospore mother cell, heterotypic equatorial plate 
stage; X 850, (Drawings made with camera lucida at table level. 
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nuclei preparing to divide; X S50. B, Homoeotypic divi- 
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Macrosporogenesis 

The macrospore mother cell is about twice as long as wide at the 
onset of meiosis (fig. 1, 5, O). It is somewhat flattened at both ends 
and wider in the apical portion than at the base. The nucleus^ which 
may be either near the apical end of the cell or in the midre^on^ 
passes through the phases characteristic of the heterotypic division 
(fig. 1, G to H), Ten pairs of chromosomes are present at diakinesis 
(fig. Ij F), one of which is closety associated with the nucleolus (fig. 
Ij G), The cliromosomes at this stage vary in length so that the 
longest pair is approximately twice as long as the shortest. The spore 
naother cell increases in size during the heterotypic prophases so that 
it is fully three times as long as wide at dialdnesis. 

The cytoplasm of the spore mother cell remains finely vacuolate 
while the nucleus is passing through the prophases. Toward the end 
of diakinesis, however, the cytoplasm at the ends of the cell becomes 
more vacuolate and a denser zone appears immediately surrounding 
the nucleus (fig. 1, JO- The heterotypic spindle, whose axis is parallel 
to the longitudinal axis of the cell, is surrounded by a dense layer of 
cytoplasm (fig. 1, H). At the conclusion of the heterotypic division 
the spore mother cell is unequally divided by a cell plate, the apical 
(micropylar) daughter cell being about half as long as the basal 
(chalazal) cell. A thick wall is laid down by the chalazal cell at its 
micropylar end during the interim between the two meiotic divisions. 
The micropylar cell remains thin-walled (fig. 2, A). 

The axis of the homoeotypic spindle in the chalazal daughter is cell 
longitudinal; the dense layer of cytoplasm immediately surrounding 
the spindle is not as apparent as in the preceding division (fig. 2, B). 
This cell likewise divides unequally, and a tliick wall is formed on 
the micropylar end of the basal cell (fig. 2, C] D), The axis of the 
spindle in the micropylar cell formed as a result of the first meiotic 
division may be either longitudinal, transverse, or at an oblique angle 
to the long axis of the ov^e. The nuclear division in this cell lags 
somewhat behind that in the chalazal cell (fig. 2, B), Two thin- 
waJled daughter cells of approximately equal size are formed (fi^. 2, 
0, D). The four daughter cells resulting from the meiotic divisions 
thus consist of one elongate chalazal cell which becomes the functional 
spore and three cells nearly equal in size which ultimately disintegrate. 
Not more than one spore tetrad was observed in any ov^e (fig. 2, E), 

Development op the Embryo Sac 

The cytoplasm of the fimctional macrospore becomes highly vacuo- 
late toward the chalazal end (fig. 2, (7, U), and ultimately a large 
vacuole is formed in this region. Shortly after the first nuclear division 
in the formation of the gametophyte a second vacuole is formed be- 
tween the two nuclei (fig. 2, F), This vacuole becomes much larger 
than the first, and as a result the nuclei are mdely separated. Both 
daughter nuclei now divide and a distinct cell plate is formed across 
each spindle (fig. 2, (J). The embryo sac is thus divided intoAhree 
regions, namely, a large central region containing two nuclei (one 
daughter nucleus from each pair) and a large central vacuole (fig. 2, 
H); a chalazal region containing one nucleus and a basal vacuole; 
and an apical region with one nucleus and finely vacuolate cytoplasm. 
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Figuee meximna: -.4, Embryo showing starch in egg and endosperm mother (3ell; X 425. 

B, Apical portion of embryo sac at time of fertilization; tip of pollen tube (pO lies beneath fertilized egg; pn, 
polar nncM fusing; male gamete nncteusfusing with polar nuclei; fin,eggnucleus; sn.male gamete nu- 
eieuB fusing with egg nucleus; mn, synergids; m, micropyle; X 425. C, Embryo sac shortly after fertili- 
atlon showing zygote and two-nucleate endospenn; X 176. D, Embryo sac with a two-celled embryo 
and aceoin:^yiiig suspensor cell. A multinueleate endosperm is present; X 175. IS, Longitudinal 
»ctloa throagh endosjwnn and young embryo with multic^ular suspensor(s). Note persistent anti- 
pXtals and synergids; X 175. F, Same as E, Lat^ stage showing development of endosperm; X , 175. 
(?» A few endosperm cells from the antipodal region. Highly vacuolate cytoplasm with little evidence 
of storage materials; X 425. if, A few cells of the endosperm lying adjacent to the embryo showing dense 
cs^topli^ and abundant stom^ materials; X 425. (Drawings made with camera lucida at table level.) 
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Tlie cell plates fomiecl across the spindles of the second division 
become increasingly distinct as additional cell plates are formed 
across the spindles of the third division (fig. 2, /). The apical region 
delimited by the second division divides to form the two S 3 rnergids. 
The basal region divides to form two antipodals, one in which the 
cytoplasm is finely vacuolate and one ha^dng a large basal vacuole. 
The nucleus in the apical portion of the central region divides and a 
cell plate is formed, cutting off an egg with dense cytoplasm and 
leaving one nucleus in the central region. Thus the egg nucleus is 
the sister of one of the polar nuclei. The basal nucleus of the central 
region likewise divides, and a cell plate cuts off a third antipodal cell, 
leaving one daughter nucleus in the central region. The large middle 
cell now contains two nuclei separated by a central vacuole. This 
vacuole soon disintegrates into a number of smaller ones and the two 
polar nuclei move to the midregion of the cell, ultimately coming to 
lie closely adjacent in the vicinity of the egg apparatus (fig. 2, J), 
These nuclei are embedded in a central strand of cytoplasm that 
extends from the antipodals to the apex of the cell. The seven- 
celled, eight-nucleate embryo sac now present is approximately three 
times as long as, and correspondingly wider than, the functional 
macrospore before the division of its nucleus. 

The embryo sac grows to twice its original length (fig. 3, A), 
During its period of growth the antipodal cells divide, reaching a 
number of 30 or more. These cells have distinct walls and are usu- 
ally uninucleate, but occasionally a cell with two to four nuclei is 
present. The nuclei stain heavily and the cytoplasm is finely 
vacuolate. 

The egg apparatus consists of three cells, the egg and two synergids. 
All of these are somewhat pear-shaped, the smaller ends extending 
toward the micropyle. The cells increase greatly in size during the 
final growth period of the embryo sac. The nucleus of each S3mergid 
lies in the midregion of the cell just above a large basal vacuole. The 
apical cytoplasm stains heavily and a conspicuous filiform apparatus 
is present at the micropylar end of each synergid (fig. 3, .4). 

The egg nucleus is embedded in dense cytoplasm in the midportion 
of the cell. The cytoplasm except in the vicinity of the nucleus is 
vacuolate, and a large vacuole occupies the micropylar end of the egg. 
The primary endosperm cell of the embryo sac remains binucleate. In 
its cytoplasm, as the cell matures, many small and several large 
vacuoles are formed. The two polar nuclei, lying in the apical portion 
of the cell, are in close contact. Many starch grains are present both 
in this cell and in the egg; there appear to be none in the synergids and 
antipodals. No starch is to be seen in the newly formed seven-celled 
embryo sac (fig. 2, J). As the sac develops, however, starch grains 
are formed in the dense cytoplasm immediately surrounding the polar 
nuclei and in that about the egg nucleus (fig. 2, K), The egg enlarges 
greatly just prior to fertilization, so that it extends into the embryo 
sac for some distance beyond the basal ends of the synergids. 

Feetilization aot Development op the Embkyo 

Fertilization takes place between 15 and 20 hours after pollination. 
The pollen tube enters the embryo sac between the synergids; usually 
neither of these is disorganized at this time (fig. 3, B, C). One of the 



546 


Jonrfial of Agricultural Research 


Vol. 55, no. 7 


male -iiiiclei {sn) fuses witli the egg nucleus {cn), and the other {siiA 
fuses with the, two polar nuclei {pn). Both fusions are shown in 
figure 3, B. The end of the pollen tube {pt) can bo seen in the micro-' 
pyle and extending between the apical cells of the nuc-ellus. Its 
rounded, tip lies beneath the zygote. ^ The tube is constricted in tlie 
region where it is surrounded by the apices of the synergids and zygote. 
The dense cytoplasm of the primary endosperm cell becomes re- 
organized at or shortly after fertilization so that it forms a thin layer 
lining the periphery, a large Tacuole occupying the central region of 
the cell. It is difficult to analyze the details of the zygote nucleus 
because of the many starch grains present in the immediately adjacent 
dense cytoplasm. Much starch is present also in the endospemi 
cytoplasm, especially in the region of the fusing nuclei. Division oi 
the endosperm nucleus occurs almost immediately after fertilization ; 
two and often four nuclei are formed before the complete disintegra- 
tion of the remnants of the pollen tube. 

Four to eight nuclei are present in the endosperm before the zygote 
divides ; by the time a four-celled embryo is formed 25 to 30 endo- 
sperm iiuciei lie in the thin peripheral layer of dense cytoplosni 
(fig. 3, D). Soon cell walls are formed between the endosperm nuclei, 
and large higlily vacuolate cells are formed. Those endosperm cells 
ill the neighborhood of the embryo now divide rapidly so tha.t many 
small cells are present in tliis region, wdiereas the endosperm cells in 
the region of the antipodals are large and highly vacuolate. The 
endosperm contains many cells by the time the embryo reaches the 
stage shown in figure 3, E, in which the suspensor (s) is well difieren- 
tiated. The endosperm develops at the expense of the nucellus, ’which 
in time is completel}^ destroyed with the exception of the epidermis, 
which becomes a part of the seed coat. From this time on growth of 
the embryo is particularly active in two directions, toward the anti- 
podals, which form a basal cap, and toward the nucellus at a right 
angle to the longitudinal axis of the embryo. 

In material collected 5 days after pollination, the outgrowth of the 
endosperm directly opposite the embryo is more pronounced and tlie 
whole mass of endosperm has greatly increased in size. The peripheral 
layer of endosperm cells at this stage is conspicuous because of a 
differential staining reaction. Very little storage material is observed 
in the endosperm (fig. 3, ^4), except in those cells immediately adjacent 
to the embiyo. The cytoplasm of these ceUs is dense and stains 
heavily and in some cells starch grains are present (fig. 3, Fi). The 
svmergids me usually both intact although somewhat shrunken. They 
lie immediately beneath the suspensor shown in figure 3, F. The 
antipodal cells are well formed at this stage and show no signs of 
disintegration. 

ZEAMAYS 

The ovule of corn develops in a manner similai* to that described 
for t eosin te. ^ The form at maturity is likewise similar. A hypo dermal 
cell in the apical region becomes the primary archesporial cell (fig. 4, 
A), This cell does not divide to form a primary parietal and primary 
sporogenous cell but functions as a macrospore mother cell. The 
longitudinal axis of the heterotypic spindle is parallel with the long 
axis of the cell (fig. 4, B). After the first meio tic division two un- 
equal daughter ceils are formed, the chalazal cell being about twice 
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Figure 4. — Zea mays: A, Apical portion of ovule showing archesporial cell and dividing nucellar cells. 
B, Macrospore mother cell, heterotypic anaphase. C, Homoeotypic division, equatorial plate in basal 
cell and an earlier stage of division in apical cell. I), Same as C. Cell-plate formation in basal cell and 
equatorial plate in apical cell. B, Tetrad of spores. Large basal cell is the functional spore. F, Two- 
nueleate embryo sac with three disintegrating spores. G, Apical portion of ovule showing a four-nucleate, 
three-celled embryo sac and three disintegrating spores. H, Third division m embryo sac. Chromosomes 
advancing to the equatorial plates. /, Sames as H. Equatorial plate stage. J, Same as H. Telophase 
showing cell-plate formation. All X 425. 

Zea mays X Buchlaena mexicana: K, Apical portion of ovule with archesporial cell. L, Tetrad of spores. 
M, Two-nucleate embryo sac and three disintegrating spores. Four-nucleate embryo sac showing 
cell-plate formation. . 0, Four-nucleate, three-celled embryo sac. P, Third division in embryo sac, 
telophase. AH X 4251 (Drawings made with camera lucida at table level.) 
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as lon.g as the micropylar one. A thick wall is formed at the apex of 

the ciialazal cell immediately after this division. . ^ , . n 

During the homoeotypic division the longitudinal axis oi the spindle 
in the chalazal cell is approximately^ parallel to the long axis of the 
cellj whereas the axis of the spindle in the micropylar cell is usually 
at an angle (fig. 4,, G, D). Nuclear and cell division in the chalazal ' 
cell usually precede division in the micropylar cell. The chalazal cell 
divides unequally and the innermost is the larger of the two daughter 
cells (fig. 4, E), ^ A thick wall is formed at the apex of the innermost 
ceU. The micropylar cell divides so that the two daughter cells are 
approximately equal in size. Of the four spores now present, the 
innermost and largest becomes the functional spore (fig. 4, A^). The 
other three, approximately equal in size, ultimately disintegrate. 

The nucleus of the functional macrospore divides (fig. 4, .F). The 
daughter nuclei pass to opposite ends of the sac and then divide. Cell 
plates are laid down across the spindles of this second division in such 
a way that a three-celled embryo sac is formed consisting of a uninu- 
cleate cell at each end and a large central binucleate cell (fig. 4, ff). 
By the time the embryo sac has reached this stage the three nonfunc- 
tional spores are in an advanced stage of disintegration. 

The embryo sac is fully twice as long at the time of the third division 
as was the functional macrospore. The sac has likewise increased in 
diameter in the micropylar region, the diameter here being three times 
that of the spores. In consequence, the embryo sac is somewhat 
pear-shaped at the time of the third division (fig. 4, I, J). Cell 
plates are laid dovm across the spindles of the third division (fig. 4, J), 
in a manner similar to that described for teosinte, a seven-celled, eight- 
nucleate embryo sac being formed. The egg nucleus is a sister of one 
of the polar nuclei. Later the antipodal cells increase in number 
(30 to 40 or more) by division and a large amount of starch is stored 
in the egg and the primary endosperm ceU. Many of the antipodal 
cells contain two or more nuclei each. This antipodal tissue remains 
as a well-developed structure in almost mature grains of corn which 
were collected 25 days after pollination. 

ZEA MAYS X EUCHLAENA MEXICANA 

The process of macrosporogenesis in Zea mays X Euchlaena mexi- 
eama is essentially similar to that found in both parents. The primary 
archesporial cell becomes the spore mother cell. (fig. 4, K), Four 
spores are fornaed as the result of the two meiotic divisions, the two 
toward the chalaza having thick walls at their micropylar ends (fig. 
4, L). The innermost and largest spore becomes the macrospore and 
the others disintegrate. The developing macrogametopliyte passes 
through stages similar to those described for teosinte (fig. 4, Af to JP). 
Conspicuous cell plates form across the spindles of the second division 
(fig. 4, N). The sac is now three-celled and four-nucleate (fig. 4, 0). 
Ml four nuclei divide (fig. 4, P), cell-plate formation ensues, and an 
eight-nucleate, seven-celled embryo sac is the result. The antipodal 
cells divide so that 30 to 40 are present in the mature gametophyte. 
Starch grains are formed in the egg and in the primary endosperm cell. 
The starch is particularly abundant in the neighborhood of the egg 
nucleus and of the fusion nuclei. 
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DISCUSSION 

Tlie ovules of teosinte, com, and the hybrid between them are 
ampManatropous at the time of maturity. True {12) described the 
ovule of corn as being campylotropous ; Miller (8) and Kandolph (10) 
found it to be of a modified campylotropous type; ^^eatherwax (i^) 
reported it as anatropous. However, bis figure of the ovule of Coix 
shortly after fertilization is similar to the ovules of Euchlaena and Zea 
as herein described. 

The primary archesporial cell in the three forms studied functions 
directly as the sporogenous cell without further division. Vteather- 
wax (15) described a periclinal division of the archesporial cell of corn 
forming a parietal cell and the macrospore mother cell. No cell wall 
is formed, however, according to him, and the parietal cell is “immedi- 
ately consumed.” The writer has examined a large number of prepa- 
rations containing many stages in the development of the archesporial 
cell in order to find evidences of such a division. During the early 
stages of development of the ovule the nucellar cells adjacent to the 
archesporial cell divide periclinally in the manner shown in figure 4, A, 
but no evidence of a division of the archesporial cell was observed 
prior to the first meiotic division. 

The spore mother cell divides to form four spores. The tliick walls 
at the micropylar ends of the two innermost of the foui‘ spores are par- 
ticularly conspicuous in teosinte and in the corn-teosinte hybrid. 
These walls take a deep purple color when stained, with Delafield’s 
haematoxylin and a bright pink color when the iodine-gentian violet 
combination is used. In no case observed were only three spores 
formed because of a failure of the completion of the homoeotypic 
division in the micropylar cell as described by Weatherwax (15). 

The chalazal spore functions as a macrospore and the three apical 
spores disintegrate. Miller (8) reported that all four spores enter 
into the formation of the embryo sac. On the other hand, Yk eather- 
wax (15) found, as the writer has, that the chalazal spore alone 
continues development and the other three become disorganized. 
Brink (4), in a plant heterozygous for the waxy type of starch, found 
approximately a 1-1 segregation of the two types of starch in the 
embryo sac. Tliis evidence excludes the possibility of all four macro- 
spores entering into the formation of a macrogametophyte. 

The development of the embryo sac is interesting because of the 
cell-plate formation across the spindles of the second division. In the 
material stained with Delafield^s haematoxylin the plates are clearly 
differentiated. Tliis fact, in addition to the position of the spindles 
of the third division, substantiates the observation of Weatherwax 
that one of the polar nuclei is a sister of the egg nucleus. Tigure 2, 
/, showing cell-plate formation after the third nuclear division in 
teosinte, shows that the synergids on the one hand, and the egg 
nucleus and the upper polar nucleus on the other, represent sister 
nuclei. Schnarf (11) considers this as probably being the case in 
most, if not all angiosperms. 

During the period of further maturation of the macrogametophyte 
the antipodal cells increase in number by division until 30 to 40 or 
more are present. These cells are of approximately the same size in 
teosinte and corn. Those of Coix (17) are fewer in number, much 
larger, and more highly vacuolate. This antipodal tissue remains 
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intact for a long period after fertilization, forming a cap at the apex of 
the endospemi. Material of teosinte 5 days after pollination shows 
well-developed antopodal cells as do also corn kernels collected 25 days 
after pollination. Weatherwax (16) and Randolph (10) found evi- 
dence of the presence of antipodal tissue just opposite the dent in 
fully matured corn kernels. 


SUMMARY 

Ovule development, macrosporogenesis, and the formation of the 
iiiacrogametophyte are essentially similar in the annual variety of 
Florida teosinte, yellow dent corn, and a corn-teosinte hybrid. 

Just before the appearance of the primordia of the integuments, a 
single hypodermal cell of the nucellus is differentiated as a primary 
archesporial cell. This cell functions as a macrospore mother cell. 

The inacrospore mother cell by two divisions produces a row of 
four macrospores. 

The chalazal spore becomes the embryo-sac mother cell and the three 
micropylar spores disintegrate. 

After the second nuclear division in the embryo sac, cell plates are 
formed across the spindles, producing a three-celled embryo sac. 

A third nuclear division, followed by cell division leads to the 
formation of an eight-nucleate, seven-celled embryo sac. The two 
synergid nuclei are sister nuclei; so are the egg nucleus and one polar 
nucleus. 

The antipodal cells continue to divide during the course of matura- 
tion and growth of the embryo sac so that 30 to 40 cells or more are 
formed. These persist as a definite tissue in the developing seed. 

During the later stages of the maturation of the embryo sac starch 
is stored in the egg and the primary endosperm cell. 

The ovule at the time of fertihzation is amphianatropous in form. 
Fertilization occurs in teosinte between 15 and 20 hours after 
pollination. 

The synergids are not disorganized as a result of the entrance of 
the pollen tube. They persist in the region of the micropyle for 4 to 
5' days and then disintegrate. 

LITERATURE CITED 

(1) Aknasok, T. J, 

1936. CYTOGENEVICS OF HYBRIDS BETWEEN ZEA MAYS AND EXJCHLAENA 
MEXiCANA. Genetics 21; 40-60, ilius, 

■ (2) Beadle, G. W. 

1932, THE RELATION OF CROSSING OVER TO CHROMOSOME ASSOCIATION IN 

ZEA-EtJCHLAENA HYBRIDS. Geiietics 17: 481-501, illus. 

' m : 

1932. STUDIES OF EUCHLAENA AND ITS HYBRIDS W'lTH ZEA. I. CHROMO- 
SOME BEHAVIOR IN EUCHLAENA MEXICANA AND ITS HYBRIDS WITH 
ZEA MAYS. Ztschr. Induktive Abstamii. Vererbiingslehre 62: 
[2911-304, illus. 

(4) Brink, R. A. 

1925. MENDELIAN RATIOS AND THE GAMETOPHYTE GENERATION IN ANGI- 
ospERMS. Genetics 10: 359-394. 

(5) Emerson, R. A. 

1924. CONTROL OP FLOWERING . IN' TEOSINTE. SHORT-DAY TREATMENT 
BRINGS EARLY FLOWERS, Joiir. Heredity 15: 41-48, illns. 



Oct. 1, 1937 Maerosporogenesis in Euchlaena mexicana and Zea mays 551 


(Q) and Beadle, G. W. 

1932. STUDIES OP EUCHLAENA AND ITS HYBRIDS WITH ZEA. II. ' CROSSING 
OVER BETWEEN THE CHROMOSOMES OP EUCHLAENA AND THOSE OP 

ZEA. Ztsehr. Indiiktive Abstain, u. Vererbiiiigslelire 62: [305]- 
315. 

(7) Guignard, L. 

1901. LA DOUBLE FECONDATION DANS LE MAIS. JoUF. Bot. 15: [37|-50. 

(8) Miller, E. C. 

1919. DEVELOPMENT OF THE PISTILLATE SPIKELET AND FERTILIZATION IN 
ZEA MAYS L. Jour. AgT. Research 18: 255-266, illus. 

(9) Poindexter, C. C. 

1903. THE DEVELOPMENT OF THE SPIKELET AND GRAIN OP COEN. OMo 

Nat. 4: 3-9, illus. 

(10) Randolph, L. F. 

1936. DEVELOPMENTAL MORPHOLOGY OP THE CARYOPSIS OF MAIZE. JoilF. 
Agr. Research 53: 881-916, illus. 

(11) SCHNARF, K. 

1936. CONTEMPORARY UNDERSTANDING OF EMBRYO SAC-DEVELOPMENT 
AMONG ANGIOSPERMS. Bot. Rev. 2: 565-585, illus. 

(12) True, R. H. 

1893. ON THE DEVELOPMENT OF THE CARYOPSIS. Bot. Gaz. 18: 212-226, 
illus. 

(13) Weatherwax, P. 

1916. MORPHOLOGY OP THE FLOWERS OP ZEA MAYS, Bllll. TorreV Bot. 

Club 43: 127-144, iUus. 

(14) 

1917. THE DEVELOPMENT OP THE SPIKELETS OP ZEA MAYS. Bull. TorreV 

Bot. Club 44: 483-496, illus. 

(15) 

1919. GAMETOGENESIS AND FECUNDATION IN ZEA MAYS AS THE BASIS OP 
XENIA AND HEREDITY IN THE ENDOSPERM. Bill!. TorreV Bot. 

Club 46: 72-90, illus. 

1926. PERSISTENCE OP ANTIPODAL TISSUE IN THE DEVELOPMENT OF THE 
SEED OF MAIZE. Bull. Torrej Bot. Club 53: 381-384, illus. 

(17) 

1930. THE ENDOSPERM OP ZEA AND coix. Amer. JouF. Bot. 17: 371-380, 
illus. 


U. S. GOVERNHEMT PRIKTiKS OFFJCE: 1937 




JOIB A L QFA GHCflLTM, KESEARd 

VoL. 55 Washington, D.G., October 15, 1937 No. 8 


DISTRIBUTION AND VARIATION WITH MATURITY OF 
DISSOLVED SOLIDS, SUCROSE, AND TITRA TABLE 
ACIDITY IN THE SORGO STALK' 

By Emil K. Ventee, associate chefnist, and S. Byall, assisioni chemist, Carho- 
kydrate Research Division, Bureau of Chemistry and Soils, United States Depart- 
ment of Agriculture 

EARLIER WORK 


Joulie ^ in his earlier work on sorgo as a source of sugar reported the 
relative weights of the internodes and the ash and sugar content of the 
juiceo expressed from^ them separately. Subsequent investigators 
ascribed various qualities to the juices expressed from the upper and 
lower portions of the sorgo stalk, and made widely varying recoinmen- 
dations for topping sorgo for sirup or sugar manufactlire. 

During the latter half of the nineteenth century, when sorgo was 
extensively investigated as a commercial source of sugar, there was 
some confusion regarding^ the part of the stalk best suited for com- 
mercial utilization. Studies made at that time were largely on gross 
sections of the sorgo stalk, such as thirds and halves, instead of inter- 
node divisions. Collier ^ concluded that there was no marked differ- 
ence in the quantity or quality of the juices from the upper and lower 
half of the sorgo stalk. He based his conclusions on determinations 
of specific gravity and total amount of dissolved solids in the juice. 
Wiley ^ concluded from analyses of thirds of the stalk that at full 
maturity there was practically no difference in the juice from the upper 
and lower halves of the sorgo stalk. On the other hand, he ® stated 
that studies of Amber cane in Italy seemed to show that the upper 
intemodes and the peripheric strata contained a greater abundance 
of saccharose than the lower internodes and the central strata. 

Martin, Harris, and Jones,® in a study of the freezing-point depres- 
sion and specific conductivity of sorghum tissue fluids, found that 
when sorgo plants were nearly mature, that is, in the ^ ‘dough- to-iipe” 
stage, wliich is the stage of matmity usually considered best for sirup 
making, the dissolved solids content of the juice was not the same in 
the different intemodes. It increased from the first to the fourth 
intemode; in the fifth and sixth it was about the same as in the fourth. 

More recently one of the writers,^ in a preliminary study of the 
quality of sirup produced from various portions of the stalk, coiTob- 


1 Received for publication May 19, 1937; issued November 1937. 

2 JOTJLIE, H. fiTUDES ET EXPl:EIENCES SUE LE SOEGHO A SUCBE CQNSlDERfe AU POINT DE VUE BOTANIQUE, 
AGRICOLE, CHIMIQUE, PUYSIOLOGIQUE ET INDUSTEIEL. 200 pp„ lIlUS. Paris. 1864. (See pp. 101, 144, 145.) 

3 OOLLIER, P. REPORT OF THE CHEMIST OF THE AGEICULTUBE DEPARTMENT TO COMMISSIONER "W. G. 

LE DUG. Letter of the Commissioner of Agriculture to Honorable J, W. Johnston, Chairman, United State 
Senate Committee on Sorghum Sugar, 42 pp. 1880. (Seep. 2S.) 

^ Wiley, H. .W. diffusion, its application to sugar-cane atsd record of experiments with sor- 
ghum IN 1883. U, S. Dept. Agr., Chem. Div. Bull. 2, 3# pp., illus. 1884. (See p. 24.) 

5 — , the northern sugar industry, a record of its progress during the season of. 1883,. . U. 
S. Dept, Agr., Ohem. Div. Bull. 3, 118 pp., illus. 1884. (Seep. 79.) 

'6 Martin, J. H.,.Harris, J.. A., and Jones, I. D. FEEi 2 aNG-Po.iNT depression and specific conductivity, 
OF SORGHUM tissue FLUIDS. Jour, Agr. Research 42: S7-69. 1931, 

2 Ventre, E. K. a study of the sorgo stalk with reference to its .sirup m:as.ing quaiaties. Pre- 
sented at Amer. Chem. Soc. meeting, San FranciscK), Aug. 9-13, 1935, 
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oratecly in tlie mam, the conclusions of Martin, Harris, and Jones. 
In considering, therefore, the contradictory results reported by investi- 
gators since the time of Joulie, the need for a more detailed study of 
the sorgo stalk was apparent. It was thought that such a study might 
form a basis for selection of that portion of the sorgo stalk most suited 
for efficient commercial utilization, and possibly throw some additional 
light on the failure of sorgo in the past as a commercial source of sugar. 


PRESENT WORK 


PROCEDURE 


In cooperation with the Mississippi Agricultural Experiment Sta- 
tion, the four varieties of sorgo (Holcus sorghum var. saccharatus) 
most used for sirup production in that section were selected for study. 
The different varieties, designated by the names locally assigned to 
them, presented the following varietal characteristics: ^ 

Hodo~A large-barrel, long-stalk, late-maturing variety. ^ 

Iceberg. — A small-barrel, short-stalk, early-maturing variety. 

Honey. — A small-barrel, medium-height stalk, intermediate-matur- 
ing, sprangle-top variety. 

Gooseneck. — A medium-barrel, medium-height stalk, intermediate- 
matuiing variety. 

The stages of maturity selected for study were determined by the 
average maturity of the seed heads, described as follow^s: 

Alilk stage. — When the seed heads were out of the sheath and well 
formed, and the contents w-hen pressed out had the consistence of milk. 

Dough4o-rige stage. — When the contents pressed from the seed 
heads had the consistence of stiff dough, the stage just preceding the 
solid stage. 

Dead-rife stage. — "When the contents of the seed heads were solid, 
and the glumes were wude open and dry. 

When the sorgo had reached the selected stage of maturity, the 
stalks were cut even with the top surface of the row and stripped of 
leaves. The seed head and peduncle w^ere removed, and the stalks 
divided at the nodes. The internodes w’ere numbered consecutively 
from the peduncle and segregated in batches according to number. 
Each batch was weighed and ground separately in a horse-driven farm 
mill. Each was passed throngh the mill twice in order to extract 
as much juice as possible with this type of milling equipment. 

A whole-stalk sample of each variety at each stage of maturity w^as 
used for comparison. An ahquot portion of the stalks was selected 
and stripped clean, and after the seed heads and peduncle were 
removed, it w^as subjected to exactly the same treatment as the various 
inteinode batches. 

The juice expressed from each set of internodes was collected 
separated and weighed, and the following determinationsbwere made 

on the expressed juice: 

Dissolved solids or degrees Briz. — Detemiined by a Brix hydrometer 
calibrated at 20° C. , 

Sucrose. — Determined polariscopically after defecation wuth Homers 
dry lead-^ 

Titratable acidity.— A 10-ml portion was titrated with 0.1 normal 
sodium hydroxide. Phenolphthalein w-as used as an indicator. 


® ■ fc Heap*, 0. P. a kaiidboos: foe ca»sugae manufactueebs and their chem- 
ism Ed. 7 , wwrlttenandeal. I>y 0 . P. M©aaB»66&pp.^',|IJi2S, Kew York and London. 1929. (Seep. 225.) 
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Variation of Dissolved Solids in Sorgo Stalk 


DATA 

Tables 1 to 4 give the data obtained for the four varieties of sorgo 
at different -riages of maturity. 

Column 2 of each table lists the weight of the stalk in each intemode 
batch. 

Column 3 lists the percentage of the total weight contributed by 
each batch of internodes. The figures are obtained by dividing the 
weight of each batch of internodes (column 2) by the total weiglit of 
stalks ground, or the total of column 2. 

Column 4 lists the weight of the juice expressed from each batch of 
internodes. 

Table 1 . — Yield and composition of juice from various internodes of Gooseneck 
variety of sorgo at different stages of maturity 

MILK STAGE 


Internode no. 

Weight 

Juice ex- 
pressed 

Dissolved solids 
in expressed juice, 
by Brix 

Sucrose in 
expressed 
juice 

Ap- 
par- 
ent 
pur- 
ity of 
juice 

Acidity ex- 
pressed in 
ml of N/10 
NaOH 

Per 
10 ml 
juice 

Per 
gram 
Brix 
solids 
in e',x- 
pres- 
sed 
juice 

(1) 

(2) 

(3) 

(4) 

(5) 

(8) 

(7) 

(8) 

(9) 

(10) 

(ID 

(12) 

(13) 


Zb. 

Pet. 

Zb. 

Pet. 

Pet. 

Zb. 

PdJ 

Pet. 

Zb. 


Cc 

a 

1 

13.0 

3.44 

6.0 

40.00 

12.12 

0.73 

2.37 

1. 59 

0.09 

13.11 

3.2 

2.51 

2 

23.0 

5.27 

12^ 

52.17 

12.96 

1.55 

5.03 

2.97 

.36 

22.01 

2,5 

1.84 

3_ 

33.0 

7.57 

19.0 

57.57 

13. 36 

2.54 

8.24 

3.52 

.67 

26.30 

1.5 

1.06 

4 

41.0 

9.40 

24.0 

58.53 

13.30 

3.19 

10.34 

3.64 

.87 

27.36 

■ 1.4! 

I . 1.00 

5 

44.0 

10. 10 

24.0 

54.54 

13.56 

3.25 

10.54 

4. 34 

1.04 

32.0) 

.8 

1 -56 

6 

47.0 

10.78 

26.0 

55.31 

13. 45 

3.50 

11.35 

4.69 

1.^ 

34.86 

.,7 

! .49 

7, 

50.0 

11.47 

28.0 

56.00 

13.22 

3, 70 

12.00 

4.97 

1.39 

37.59 

, 7 

.50 

8 

50.0 

11. 47 

^.0 

56.00 

12.62 

3.53 

11.44 

4.21 

1.18 

33.35 

.7; 

. 53 

9 - 

49.0 

11.24 

2S.0 

57.14 

12.50 

3.50 

li.35 

.89 

.25 

7. 12 

.7 

.54 

10 - 

44,0 

10.09 

24.0 

54. 54 

11.90 

2.85 

9.24 

.60 

,14 

5.04 

.7 

.56 

11 

31.0 

7.11 

16.0 

51. 61 

12.00 

1.92 

6,22 

.50 

.08 

4.16 

.8; 

■ . 64 

12... 

9.0 

2.06 

5.0 

55. 55 

11.59 

.58 

1.88 

,45 

.02 

3.88. 

.8; 

I ■ .66 

Total or average 

436.0 

100.00 

i 

240.0 

55.04 

12.85 

30.84 

mo 

3. 05 

7. 31 

23.70- 

= 

.74 


DOUGH-TO-RIPE STAGE 



16. 0 

3. 15 

6.0 

37.50 

15.88 

0.95 

2.47 

7.09 

0. 45 

44.64 

3.9 

2.31 


21.0 

4. 13 

9.0 

42.85 

17,02 

1.53 

3.97 

7. 91. 

.71 

46. 47 

3.0 

1.65 



28.0 

5.51 

14.5 

61.78 

17.22 

2.49 

6.46 

9.26 

1. 34 

53. 77 

2. 2 

1.19 

4..... 

34.0 

6. 69 

19.0 

55,88 

16. 82 

3.19 

8.28 

8,86 

1,68 

52. f)7 

1. 5 

.84 

5 

42.0 

8. 27 

22.0 

52,38 

16.02 

3. 52 

9.14 

7. m 

1.67 

47. 62 

1.5 

.88 

6.-,....-..-.-..,...-... 

50.0 

9.84 

27.0 

54.00 

15.12 

4.m 

10. 59 

6.43 

1.73 

42. 52 

1.4 

,87 

7 . : 

62.0 

12. 21 

34.0 

54.84 

14. 52 

4.93 

12.80 

5. 14 

1.74 

35.40 

1.2 

. 78 

8... 

69.0 

13.58 

38.0 

55.07 

14.22 

5.40 

14.02 

4. 49 

1.70 

31.57 

1.1 

.73 

v....... 

69.0 

13.58i 

34.0 

49.27 

14.38 

4. 89 

12.89; 

3.88:' 

1.32i 

i 26.9Si 

LI’ 

.72 

10,-..-..--.-..... — — . 

S. 58, Oi 

11. 42 

mOi 

50,00 

14, 18 

4.11 

10.67 

0. 84' 

1,11] 

! 27.0S< 

if 

! 73 

Ik.... 

i 39.0 

7. Ml 

18.0 

46.15 

13.78 

-2.48 

6.44 

3.60^ 

.651 

t 26. 12 

1.0 

1 .69 

12........................... 

20.0 

3.94! 

7.0 

35-00 

13.68 

.95 

2.47' 

3.oi: 

.21 

22. 16’ 

.9 

.63 

Total or average _ . . . 
.Whole stalk.. 

50S.0!i00.<B 
74.0' 

257.5 

42.0 

60.68 

66,75 

14.95 

14.461 

38.52 

100. oo 

6.55 

7.29: 

M. 3t 
- -i 

37-15 
50, 40- 

1.6 

.87 

1.04 


1 Of total 
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Table 1— Yield and composition of juice from various internodes of Gooseneck 

variety of sorgo ai different stages of 7nalurity Continued 

DEAD-RIPE STAGE 












Ap- 
par- 
ent 
pur- 
ity of 
juice 

Acidity ex- 
pressed in 
ml of N/lC 
NaOH 

Interaocie no. 

Weight 

Juice ex- 
pressed 

Dissolved solids 
in expressed juice, 
by Brix 

Sucrose in 
expressed 
juice 

Per 
10 ml 
juice 

Per 
gram 
Brix 
solids 
in ex- 
pres- 
sed 
juicfe 

■ (1) 

(2) 

(3) 

■ 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(IS) 

‘7 

4 

5 - 

7 

10 

11 ^ 

12 

Lb. 

15.0 

20.5 

26.5 

32.5 

38.0 

43.5 

51.5 

58.0 

58.5 

54.0 

39.0 

17.5 

PcL 
3.31 
4.51 
5. 83 
7.15 
8.36 

9.57 
11,33 
12.76 

12.87 

11.88 

8.58 
3.85 

Lb. 
7.00 
10. 25 
13. 50 
18.00 
20.00 
22.00 

25.00 

30.00 

29.00 

24.00 

17.00 
7.00 

Pet. 
46. 66 

50.00 
50. 94 
55.38 
52.63 
50. 57 
48.54 
51.72 

49.57 
44. 44 

43.58 

40.00 

Pet. 
16.81 
17.91 
18. 31 
18.31 
18.11 
17.71 
17.01 
16.61 
16.54 
16.44 
16.24 
16.14 

Zb. 
1.18 
1.83 
2.47 
3.29 
3.62 
3.89 
4.25 
4.98 
4.79 
3. 94 
2. 76 
1. 13 

Pet. 

3.09 

4.80 

6. 48 
8.63 

9. 49 
10.20 
11. 13 
13.06 
12.56 
10. 33 

7.24 

2.97 

Pet. 

8. 73 
10. 23 
11.42 
11.52 
10. 33 
9. 96 
9.11 

8. 40 
6. 69 
6. 44 
6. 60 

6. 41 

Lb. 

0.61 

1.05 

1. 54 
2.07 
2. 07 
2,19 
2.28 
2.62 
1. 94 

1.55 
1.12 

.45 

51.93 
57. 11 
62. 37 
62. 92 
57. 04 
56. 23 
53. 55 
50. 57 
40. 45 
39. 17 
40. 64 
39. 71 

Cc 

4.4 

3.8 

2.9 

2.5 
2.2 
2.0 

1.9 
1.8; 
1.8 
1.7 

1.5 
1.5 

Cc 

2. 4,5 
1. 98 
1, 47 
1. 27 
1. 13 
1. 0s5 
1. IM 
1. 0] 
1. 02 
. 07 
.87 
. 87 

Total or average 

W^olPi stftlk „ 

464.5 
73. 5 

100.00 

222.75 

42.00 

49.00 
67. 14 

17.11 

15.87 

38. 13 

100.00 

8. 70 
8.95 

19.39 

50.85 

56.39 

2.1 

1. 1,5 
1.24 







Table 2. — Yield and composition of juice from various internodes of Honey variety 
of sorgo at different stages of maturity 

MILK STAGE 


Internode no.' 

Weight. ' 

Juice ex- 
pressed 

Dissolved solids 
in expressed juice, 
by Brix 

Sucrose in 
expressed 
juice 

Ap- 
par- 
ent 
pur- 
ity of 
juice 

Acidity ex- 
pressed i» 
ml of N/l(> 
NaOH 

Per 
10 ml 
juice 

Per 
gram 
Brix 
soli(l.s 
in ex- 
pres- 
sed. 
Juice 

■. ,(1). 

(2).. 

C3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(») 

(10) 

(11) 

(12) 

(13) 

i 

Lb. 

Pd. 

Lb. 

Pd. 

Pet. 

Lb. 

Pd. 

Pet. 

Lb. 


Cc 

Ci 

1 ! 

23.0 

3.39 

10.0 

43. 4S 

12.56 

125 

284 

2.91 

0.29 

23.17 

3.3 

2.50 

J — - ! 

2S.0 

4.13 

14.0 

50.00 

13.59 

190 

4. 31 

4.00 

.56 

29.43 

2.1 

146 


36.0 

5.31 

20.0 

55.55 

14.19 

2.84 

6.46 

4. 95 

.99 

34.88 

17 

1 13 

4 

48.0 

7.fK? 

28.0 

58.33 

14. 19 

3.97 

9.02 

4.73 

1. 32 

33. 33 

1.0 

.67 

5. 

61.0 

9,00 

35.0 

57.37 

13, 19 

4.61 

10.48 

3. 76 

132 

28.50 

1.0 

.72 

6,.. 

70.0 

10.33 

41.0 

58.57 

12 59 

5. 16 

11 73 

3. 37 

1.38 

26. 77 

. 9 

.68 

7 

79.0 

11. « 

45.0 

56.96 

12 29 

5.53 

12 57 

3.00 

1.35 

24.41 

. .8 

.62 

K. 

90.0 

13. 2y 

46.0 

5111 

1179 

5.42 

12. 32 

2.53 

116 

21.45 

.8 

. 65 

9... 

8f.O 

12.69 

^0 

50.00 

1159 

4.98 

1132 

.57 

.25 

4.92 

.8 

. 66 

MK. 

79.0 

11.66 

. 37.0 

46.83 

1159 

4.29 

9.75 

.65 

.24 

5.60 

.8 

.66 

1! 

52,0 

7.68 

M,0 

46.15 

1149 

276 

6.27 

.67 

.16 

5.83, 

.8 

.66 


2^5 

3,77 

1L0 

43.14 

1171 

129 

2.93 

.87 

.09 

7.43, 

.8 

j .65 

Total or average. 

677.5 

100.00 

3510 

52.25 

12 43 

44.00 

100-00 

257 

9.11 

20.68' 


I .78 

Whole stalk... 

1 79.0 


410 


12 22 



2.63 


2152, 

1 

12 

i 

. 93 



1' , 



1 
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Table 2.- — Yield arid composition of juice from various intern, odes of Honey mrieiij 
of sorgo at different stages of maturity~C<miumed 


I> < > U Il-T O . FU I‘E S'f AG E 


fiiternode no. 

Weight 

. 

Juice ex- 
pressed 

Dissolved solids 
in expressed juieej 
by Bri.v 

Sucrose in 
expressed 
Juice 

Ap- 
par- 
ent 
pur- 
ity of 
juice 

Acidity ex- 
pressed in 
ml of N/10 
NaOH 

Per 
10 mi 
juice 

Per 

gram 

Brk 

solids 

inex- 

pres- 

sed 

Juice 

. (1) 


(3) 

C4)- 

(5) 

(6) 

m 

(8) 

(9) 

(10) 

(11) 

(12) 

.(13) 


Zd. 

Pet 

Zk 

Pet 

Pet 

Zb. 

Pet. 

Pet 

Zb. 


Cc 

Cc 

1 

24.5 

3.47 

10. 75 

43. 87 

15.74 

1,69 

3. 15 

7. 20 

0. 78 

46.12' 

3.9 

2. 33 

2 

28.0 

3.96 

12.50 

44. 64 

17. 34 

2. 16 

4,03 

9. 50 

1. IS 

1 54.78 

2. 7 

1. 45 

3 

34.0 

4. 81 

16.50 

48. 52 

18.04 

2.97 

5.53 

10. 52 

1.73 

; 58.31 

1.6 

.82 

4 

45.5 

6. 44 

23.50 

51.64 

18.74 

4.40 

S.20 

10. 56 

2. 48 

56. 35 

1.1 

. 55 

5 

60.0 

8.49 

33.00 

55.00 

17.87 

5.89 

10.98 

9.53 

3. 14 

53.32 

1.0 

.52 

6 

70.0 

9. 91 

37. 50 

53.57 

17.07 

6.40 

11.93 

8. 57 

3.21 

50.20 

.9 

.49 


82.0 

11. 61 

41.00 

50. OC 

16.47 

6.75 

12. 58 

7.43 

3.04 

45.11 

.9 

.51 

S 

S9.0 

12.60 

46.00 

51. 68 

15.87 

7.30 

13.60 

6. 26 

2.SS 

39. 44 

.9 


9 

90.0 

12.74 

39.00 

43.33 

15.24 

5.941 11.07 

4. 85 

LS9 

3L 82 

.9 

.55 

10 

90.0 

12. 74 

37.00 

41.11 

14.84 

5.49 

10.23 

3.93 

1. 45 

26. 481 . 9 

.57 

11 

68.0 

9.62 

24.50 

36.03 

14. 76 

3.61 

6.73 

2. 70 


18.29 

.9 

.57 

12 

25.0 

3. 61 

7.25 

28. 43 

14.66 

1.06j 1.97 

2. 12 

.15 

14-46 

.9 

,58 

fotal or average ; 

706.5 

100.00 

328.50: 

46. 49 

16.33 

53. eel moo 

6.88’ 

22. 59: 

42. 13 


.64 

Whole stalk - 

70.0 


34.50 

49. 29 

15.64 




6.43| 


41. 11 

1.5 

.90 


DEAD-RIPE STAGE 


1 

22.5 

3.11 

9.5 

42.22 

14.50 

1.37 

2.03 

3.56 

0. 35 

24.55 

4.3 

2.80 

2 

26.0 

3.60 

14,0 

53.84 

16.40 

2.69 

3.98 

5.42 

.76 

33.04 

3.0 

1.71 

3.,... 

43.5 

6.02 

18.5 

42. 52 

17.30 

3.20 

4.74 

6. 81 

1.26 

39.36 

2.1 

i. 13 

4 

45,5 

6.29 

26.5 

58.24 

18. 10 

4.79 

7.09 

8. 39 

2.22 

46. 35 

1.8 

.92 

5 

58.0 

8.02 

36.0 

62.06 

19.08 

6.87 

10. 18 

4.83 

1.74 

25.31 

1.8 

.87 

6 

71.0 

9.82 

40.5 

57.04 

18,88 

7.64 

11. 32 

5.95 

2.40 

31. 51 

1.5 

.73 


79.0 

10.93 

46.0 

58.22 

18.36 

8.44 

12.50 

5. 42 

2. 49 

29, 52 

L2 

.61 

8 

91.5 

12.65 

60.0 

54.64 

17,98 

8.99 

13.32 

4.03 

2. 01 

22.41 

1.2 

.62 

9 

95.0 

13. 14: 

47.5 

50 00 

17.87: 

8.49; 

12.57 

2.92 

1.38.i 

16.34 

1.2 

..62 

10 

97.0 

13. 42: 

45.0 

46.39 

17.67 

7.95i 

11. 78 

1. 32 

. 59'! 

7.47 

1.2 

.63 

11- 

67.0 

9,27 

29.0 

43.28 

18.17^ 

5.^ 

7,75 

1.79 

1 .52| 

9. 85 

LO 

. .51 

12 

27.0; 

3. 73; 

10.0 

37.03; 

18.57: 

1.85 

2.74 

.88 

.08| 

4. 73 

1.0 

.50 

Total or average 

723. 0 

100.00; 

372.5 

51. 52; 

18. 12 

67.51 

moo 

4.14 

15.801 

23.40 


^ ■ .78 

Whole stalk 

70. 5: 

1 

40.5 

57. 44; 

16. 26 


1 

6. 95 


42.74 

1.4: 

..m 



i I 






1 




\ , 
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T able 3. — Yield and coifiposition of juice from mrious internodes of Iceberg variety 
of ,so?'go at differeiit stages of matui'ity 

DOUGH-TO-KIPE STAGE 


Internode iw. 

Weight 

Juice ex- 
pressed 

Dissolved solids 
in expressed juice, 
by Brix 

Sucrose in 
expressed 
juice 

Ap- 
par- 
ent 
pu- 
rity of 
juice 

Acidity ex- 
pressed in 
ml of N/IO 
NaOH 

Per 
10 ml 
juice 

Per 
gram 
Brix 
solids 
in ex- 
pres- 
sed 
juice 

(I)' 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

L..,. 

2 .._ 

3 



5.. .. 

6.. .., 

7 

8 

9 

10- 

■ Tol:a.l or avera^-e ’ 

Whole stalk-. 

Lb. 

21.5 

29.0 

36.0 

44.0 

49.0 
55. 0 

59.0 
59. 0 

54.0 

36.0 

PcL 
4. 86 
6.56 
8. 14 
9.94 
11.07 
12.43 

13.33 

13. 33 
12. 20 
8.14 

Zb. 

12.0 

15.0 

24.0 

30.0 

32.0 

35.0 

32.0 

35.0 

30.0 

21.0 

Pci. 
65. 53 
62.06 
66.66 
68. IS 
65. 30 
63.63 
54.23 

59.32 
55.55 

58.33 

Pci. 

18.95 

19.25 

19.55 
19.63 
18.95 
IS. 45 
17.85 

17.55 
17.19 
16.79 

Zb. 
2.27 
3. 46 
4.69 
5.89 
6.06 
6.45 
5.71 
6.14 
5. 16 
3.52 

Pcf.i 
4.60 
7.01 
9. 50 
11.94 
12. 28 
13. 07 
11. 57 
12.44 
10. 46 
7. 13 

Pci. 
11.98 
12. 88 
13. 50 
13. 35 
12. 13 
11.52 
10. 62 
9 . 11 
8. 22 
7. 06 

Zb. 

1 . 44 
2. 31 
3.24 
4. 00 

3. SS 

4. 03 
3.39 
3. 42 
2.46 
1.48 

63. 21 
66.90 
69. 05 
68. 00 
64. 01 
62.43 
59.49 
55. 66 
47, 81 
42.04 

Cc 

2.7 

2.4 
1.6 

1.5 
1.4i 
1.2 
1.1 
1.0 
1.0 
1.0 

Cc 

1. 32 
1. 16 
.76 
.71 
.68 
.60 
.67 
.63 
,54 
.55 

442.5 
124., 0 

mo 

269.0 

78.0 

60.79 

62.90 

18. 34 
IS. 25 

1 ! 

49.35 

100.0 

11.02 

11.59 

29. 65 

60.08 
63. 50 


.68 

.76 

1.6 



i 




DEAD-RIPE STAGE 


1 1 

18.5 

4.86 

8.25 

44.59 

21. 44 

1. 77 

1 

4.41 

1 

t 1158' 

1. 20 

68.00 

5.5 

2. 36 


2:3. 5 

6, 17 

11.25 

47.87! 

22. 44 

2.52 

6.28 

1 16.04 

i.8o: 

71. 42 

15 

1.83 

3 ^ 

29.0 

7.61 

15.50 

53.44! 

22.84 

3.54 

8.83 

1 16.68: 

2.581 

73. 02 

3.3 

1.32 

4 

37, O' 

9.71 

21.00 

56. 75 

22.44 

4.71 

11.75 

17. 03, 

3.67i 

75, 89 

2.7 

1. 10 

5-...- 

46. 0 

12.07 

23.00 

50.00, 

22.24 

5.11 

12.74 

1 15.56 

3.58 

70. 00 

2.5 

1.03 

6- - 

48.0 

12.60 

24.00 

50.00 

21. 84, 

6.24 

13.07 

15.03 

3.60 

68. 80 

^ 2,6 

1.04 


50.0 

13,12 

24.00 

48. OO! 

21. 64! 

5.19 

12.94 

: 13.96 

3.35 

6154 

2.2 

.93 

8„_.> ^ 

53.0 

13-91 

24.00 

45. 28! 

21. 44 

5. 14 

1 12.82 

12.91 

3.10 

60. 21 

2.0 

.85 

9 ..,,.. ' 

45.0 

11. 81 

20. 00 

44.44! 

21. 44i 

4.^ 

10.70 

10.04 

2.00 

46.82 

2.0 

.85 

10. i 

31.0 

8. 14; 

12. 00 

38.70! 

21.64; 

2.59 

6.46 

9. 66; 

1.16 

4164 

1.5 

.63 

Total or average ^ 

381. 0^^ 


183.00 

48. 03^ 

21. 91 

40. 10 

100.00 

111?; 

25.94 

6169 


1.09 

Whole stalk 

70.0 

1 1 


57. 14 

21. 84 



15.67: 


71.29 

i 1 

1. 01 




1 40.001 










J Of total. 



Oct. 15, 1937 


Variation of Dissolved Solids in Sorgo Stalk 


559 . 


Table 4:.— Yield and composition of juice from various internodes of Hodo variety 
of sorgo at different stages of maturity 

MIL3S: STAGE 


Internode no. 

Weight 

Juice ex- 
pressed 

. 

Dissolved solids 
in expressed juice, 
by Brix 

Sucrose in 
expressed 
juice 

Ap- 
par- 
ent 
pu- 
rity of 
Juice 

Acidity ex- 
pressed in 
m,I of N/10 
2\aO.H 

Per 
10 mi 
Juice 

Per 
gram 
Brix, 
solids 
in ex- 
pres- 
sed 
juice 

(1) 

(2) 

(3) 

(4) 

(5) 

m 

. 

(7) 

(8) 

(9) 

(10) 

(11) 

(12), 

„(13) 


lb. 

Pet. 

Lb. 

Pet. 

Pci. 

Lb. 

Pet:^ 

Fd. 

Lb. 

i 

a> 

a 

1 

17. 5 

2.56 

7. 75 

44.28 

13. 54 

1.05 

2.39 

2.23 

0. 17 

16. 47' 

4.0 

2. SO 

!? 

23.0 

3.36 

11.00 

47. S2 

15. 14 

1.66 

3.76 

5. 40 

. 59 

35.671 

2.9 

ISO 

3,. ' 

32.0 

4.68 

15. 25 

47. 65 

16.04 

2.45 

5.56 

7. 44 

1. 13 

46. 38 i 

2.1 

1.23 

4 

36.5 

5. 33 

IS. 25 

50.00 

16. 04 

2.93 

6.64 

7. 27 

1. 33 

45. 32| 

13 

1.21 

5 

43.0 

6.28 

20.00 

46. 51 

15. 57 

3. 11 

7.05 

6. 77 

1. 35 

43. 48 

11 

.66 

6 


7. 38 

25.00 

49.50 

14. 87 

3. 72 

8.44 

6. 09 

1. 52 

40.95 

1 

.* i)3 


02.5 

9. 13 

30.00 

4S. 00 

14. 17 

4.25 

9.64 

5. 27 

1. 58 

37. 19; 

i .9^ 

.60 

8 

71.0 

10. 37 

34.50 

48. 59 

13. 97 

4.82 

10.93 

4.59 

2.58 

3,2.85; 

i .7, 

.47 

9, 

70.5 

10.30 

32.50 

46.10 

13.52 

4. 39 

9.96 

3. 70 

1.20 

27.36 

. 7 

.4,9 



74. 75 

10. 92 

31.75 

41. 91 

13.22 

4. 19 

9.50 

3. 12 

.99 

23.60 

. 7' 

.50 

11 

82.50 

12,05 

34.50 

41. 81 

12.92 

4.45 

10. 09 

3. 07 

106 

23. 76 

. 7 

.61 

12 

65, 75 

9.61 

30.00 

45.62 

12.92 

3.87 

8.78 

2.91 

.87 

22.52 

. 7 

.51 

13 

34. 50 

5.04 

16.25 

47.10 

12.97 

2.11 

4.79 

1.98 

.32 

15.26 

.7 

.51 

14...., 

20.50 

2.99 

8.50 

41.46 

12. 87 

1.09 

2.47 

1. 74 

. 15 

13. 52; 

.7 

.51 

Total or average 

|6S4. 5 

100. 00 

315. 25 

46. 05 

13.98: 

44.09! 

100.00 

4. 39 

13. 84' 

3139 


.72 

Whole stalk 



38.50 

55. OOi 

13. 82^ 

1 


4. 73 


34.22. 

10 

,.68. 


1 70 










DOUGH-TO-RIPE STAGE 


1 

13.00 

2.38 

6.0 

46. 15 

19.08 

1. 14 

2 42 

11.21 

0.67 

58. 75 

3.0 

1.46 

2 

17.50 

3. 21 

10.0 

57. 14 

19, 28 

1.93 

4.09 

11.78 

1. 18 

61. 09 

2.3 

1. 10 

3. . . 

2150 

3.94 

12.5 

58. 13 

19.28 

2. 41 

5. 11 

12. 02 

1. 50' 

62. 34 

2 C! 

.'M 

4 

25.00 

4.58 

14.5 

58,00 

18. 98 

2.75 

5.83 

ii., 69 

1. 69 

61. 59 

1.4 

.68 

5. 

30.00 

0 . 49 

15.5 

51.66 

18.63 

2.^ 

6.10 

10. 41 

1. 61 

55. 87 

1.3 

.§4 

6.,. 

35.00 

6.41 

19.5 

55.71 

18.23 

3.55 

7.52 

9.85 

1. 92 

54.03 

1. 1 

.56 

7 _ 

4,1,. 00 

7.51 

22.5 

54.87 

17.63 

3.98 

S.39 

8.75 

1 . 97 

49.63 

1.0 

.53 

8.. 

46.00 

S.42 

24.5 

53.26 

17.33 

4.24 

8. 98 

8.06 

1.97 

46.50 

1.0 

.53 

9 

53. 00 

9.71 

25.5 

48. 11 

16.62 

4. 24 

8.^ 

6.59 

i.m 

39. 65 

.9 

.50 

10 

60. 50 

1108 

30.0 

49.^ 

16.32 

4.89 

1 10.36 

5.97 

1. 79 

36. 58 

.9 

; .51 

....i 

61 50 

n,26| 

27.5 

44.71 

16. 18i 

4.45 

9.43: 

5.48 

1,50 

33.8t>| 

.9 

.52 

12 

62. .50 

11.45 

28.5 

45.60 

16. 18 i 

4.61 

9.77 

5.38 

1.53 

33. 25: 

.9 

'.52 

13 

47.00 

8. 61 i 

21.5 

45. 741 

16.60' 

3.57 

7.57 

4.55 

.m 

' 27.40 

.9'{ 

.50 

14..„ 

32.50 

5.95I 

15.5 

47.69 

16.60 

2.57 

5.45 

I 4.49 

.69 

: 27.04 

.91 

.50 

Total or average 

546. 00^ 

100. 00 

273.50 

50.09 

17. 25 

47.19 

1<D.OO 

7.56’ 

20.68 

43. 82^ 

■ 

.60 

W,hoIe stalk.,_.- 

75. OOi 


44.0 1 

5S.66: 

j 

17. 10^ 



9.69; 


58.661 

1 5^ 

.82 


BEAD-RIPE STAGE 




1,2.0 

1,89 

6.00 

50.00 

18.40 

1, 10 

1.92 

12. 01 

0.72 

65.27 

., zA 

1.64 



19.0 

2.99 

10.00 

52.63 

18.45 

1.84 

3.22 

,12.39 

1.23 

6,7. 15 

2.4: 

' 1.21 

3 

21,0 

3.77 

13.00 

54.16 

18.50 

2.40 

4.20 

1,2. 44: 

1. 61 

67. 24 

2.0 

1.00' 

4 — — 

27.5 

4.33 

14.75 

63.63 

18.50 

2.73 

4.77 

.12. 44 

1.83 

'67.24 

1.7’ 

.85 

5-—., 

31.5 

4.96 

16.50 

62.38 

18.44 

3.04 

5.32 

12. 18 

2. 01 

'66. '05 

1.1 

,55 

6. — — 

31.5 

4.96 

18.00 

57,14 

18.04 

3. 24 

5.67 

11.83 

2. ,13 

65. 57 

1.0 

.51 


46.0 

7.24 

23.00 

50.00 

18.04 

4.15 

7.26 

10.96 

2. 52 

.60.75 

.8 

.41 

8— 

53.0 

8.34 

27.00 

m.94 

17.27 

4.66 

8.15 

10. 24 

2,76 

59.29 

.6 

.33 

,9——., - 

59.0 

9.:® 

30,50 

51.69 

16.77 

5,11 

8.94 

9.13 

2.78 

"54,. 44 

.6 

.33, 

10.,... 

67. 5* 

10. 62; 

34.50 

51. 11 

16.65 

5. 74 

10. 04 

8.78' 

3.03 

52.73 

!' .7 

.39 

11,..-..-... 

77.0 

12. 12I 

40.50 

52.59 

16.80 

.6.72! 

lL75j 

8.67 

.3. 61 

52. 22 

.7 

,.39 



74.0 

11. 64 

39.00 

62.70 

17.00 

6.63 

n.6o| 

9.16 

3.57! 

53.88 

.7 

.38 

13™— 

67.0 

10. 54 

3150 

51.49 

17.21 

5.94 

10.39 

9.72 

3.35 

58. 47! 

.7' 

.38 

14 

46. 5 

.7. .321 

22.501 

48.38 

17.21 

3.87 

6,77: 

9. 69! 

2. 18 

56.30 

.8 

.,43 

T'Otal or average ' 

635. 5 

100.00! 

35^.75 

51.89 

17.33 

57.17 

100.00 

10.07 

33, 23 

58. 10 


.49 

Whole stalk™..' 

76. 0 

45.00 

60.00 

16,55 

9. 91 


59. 89 

.9 

.51 


■ ,j 
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Cokiiiiri 5 gives the ratio, expressed as percentagCj of the weight of 
Juice expressed from each batch of mteriiodes to the weight of stalks 
gi’oiind in each batch. The footing of this cGiimiii is the ratio, ex- 
pressed as percentage^ of the total of column 4 to the total of column 2. 

Coliimn 6 lists the percentage of dissolved solids in the juice ex- 
pressed from each batch of internodes. . The footing of this column is 
the averag-e dissolved solids determined by dividing the total of 
coliiiiiii 7 lyv the total of column 4. 

Colimiii 7 lists the weight, in pounds, of dissolved solids expressed 
ill the juice from each batch of internodes. This is the product of 
the degrees Brix in column 6 and the corresponding weight of juice 
iiinokimn 4. 

Column 8 lists the percentage of the dissolved solids contributed by 
each batch of internodes to the total dissolved solids expressed from 
the stalk, TMs is arithmetically the ratio, expressed in percentage, 
of the respective components of column 7 to the total of column 7. 

Column 9 lists the percentage of sucrose in the juice expressed from 
each batch of mteriiodes. The footing of this column is the average 
obtained by dividing the total of column 10 by the total of column 4. 

Column 10 lists the pounds of sucrose in the juice expressed from 
each batch of internodes. The figures are the product of the per- 
centage of sucrose in column 9 and the corresponding weight of juice 
in column 4. ^ ^ , j 

Column 11 lists the coefficient of apparent purity,^ a ratio used in 
commercial sugar manufacture to estimate sucrose available for 
recovery by crystallization. The values are obtained by dividing the 
percentage of sucrose in the juice by the degrees Brix and then multi- 
plying by 100. The footing of this column is the average obtained by 
dividing the footing of column 9 by the footing of column 6 and multi- 
phdng by 1 00. 

Columii 12 lists the titratable acidity of the juices. This is expressed 
in the milliliters of 0.1 normal alkali required to neutralize 10 ml of 
the juice. 

Column 13 lists the acidity m milliliters of 0.1 normal alkali calcu- 
lated on the basis of 1 g of Brix solids. The figm^es are obtained by 
multiplying the volume of juice titrated (10 ml) by the specific 
gi'avity at the observed degrees Brix, multiplying the product by 
the observed degrees BrLx, and dividing the result into the titer. 
The footing of this column is the weighted average obtained by multi- 
plying the figures of coluimi 13 by the corresponding figures in column 
7, totaling, and dividing by the total of column 7 expressed in like 
units. 

mscussioH 

Column 3 of table 3 shows that in the short-stalk, early-maturing 
vaiiety Iceb^g, very nearly three-fourths of the weight of the stalk 
occumd in internodes 4 to 9, inclusive. Internodes 1, 2, 3, and 10 
constituted only about one-fourth of the weight of the stalk. . With 
maturity, there was practically no shift in distribution of weight 
among the inteiiiodes. . 

In the medium-length, intermediate-maturing varieties Gooseneck 
and Honey (tables 1 and 2). the bulk of the, weight of the stalk, 'about 


(h K Bm pp. 357-8SS of reference cited in footnote S, 
SpI;^cER, O. .L., and 0. F. . ,See pp. of relerenee cited in footnote § 
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two4MiTlSj Occiirred ill internodes 5' to 10, inclusive, at all three stages 
of iiiatiirity. 

In the large-barrel, long-stalk, late-mat nring variet^y Hodo (table 4) 
about three-fifths of the total weight of the stalk was in, .interiiodes 7 
to 12, inclusive. There was' practically no shift in weight with 
maturity. 

Extraction of juice (colunin 5) w'as highest in the upper half of the 
stalk in all the varieties and at the three stages of maturity. The 
total juice extracted from the .internodes was less than that obtained 
from the whole stalk. That this was partly due to evaporation of 
moisture from the relatively short internodes before grinding is sho^m 
by the higher average BrLx of the juice from the internodes as com- 
pared with the Brix of the juice from the whole stalk. 

The percentage of dissolved solids (degrees Brix, column 6) increased 
progressively with maturity in all the varieties with the exception of 
the dead-ripe stage of the Hodo variety and the upper interiiodes of 
the dead-ripe stage of the Honey variety. The Honey variety has a 
sprangle top, and as soon as the seed head matures and opens, the 
seeds fall to the ground, branching occurs, and the upper portion of 
the stalk reverts to the immature stage. The failure of the Hodo 
variety to show’ the usual increase in dissolved solids from the dough- 
to-iipe to dead-ripe stage of maturity was due to intervening rain. 
Tills w’as demonstrated by the fact that although there w’as little 
change in the average percentage of dissolved solids of the juice in 
either the whole stalk or the internode, there w'as an increase in the 
percentage of juice expressed. 

In the main, the percentage of dissolved solids in the juice increased 
progressively from the first internode to a maximum in the third or 
fourth, and decreased progressively to the last iiiternode, except where 
normal growth had been interfered with by branching or rain. 

The percentage of solids in the juice from each internode (based on 
the total expressed solids, column 8) is a measure of the amount of 
sirup contributed by the juice of each internode to the total sirup 
obtained from the stalk. This makes it possible to estimate the loss 
of sirup incurred by discarding a portion of the stalk. 

With the exception of the dead-ripe stage of the Honey variety, the 
percentage of sucrose determined (column 9) and its ratio to dis- 
solved solids, or coefRcient of apparent purity (column 11), increased 
with maturity. Both reached a maximum in about the same inter- 
node as the dissolved solids, but in the lower mternodes they decreased 
much more rapidly than the dissolved solids. 

Titratable acidity per gram of dissolved solids in the juice (column 
13) is a measure of the acidity contributed by the juice to the sirup 
manufactured from it. One variety, Hodo (table 4), decreased in 
average acidity with maturity. -The Honey variety (table 2) rema.med, 
very nearly constant, whereas the Gooseneck and ^Iceberg varieties 
(tables I and 3) increased with maturity. These variations seem to be 
varietal characteristics. ' ^ . 

The titratable acidity per gram of solids for all varieties and stages 
of maturity studied w’as highest in the first internode and decreased 
rapidly in the intemodes constituting the upper third of the stalk. 
Throughout the remainder of the stalk it remained nearly constant 
at a value geuerally less than the weighted whole-staik average and 
control..'.' ■ ■ • 
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■ SUMMARY AND CONCLUSIONS 

111 four varieties of sorgo at different stages of maturity, two-thirds 
to tliree-foiirtlis of the weight of the stalk was de.rived from inter- 
nodes in the midportion of the stalk. ■ ' ^ 

With the exception of the sprangle-top variety, ^ Honey, which 
drops its seed and branches after ripening, with partiai^ reversion in 
the upper internodes to the immature stage of maturity, and the 
Hodo variety, the juice of wliich was 'diluted by rain between the 
doiigli-to-iipe and dead-ripe stages of maturity, the following general 
trends were noted for the four varieties at different stages of maturity: 

The percentage of dissolved solids in the juice increases with matur- 
ity, and in the main progressively increases from the fii*st to a maxi- 
mum in the third or fourth internode, vith a small progressive decrease 
in the lower internodes. There is a close correlation between the 
,perce,ntage of dissolved solids and the percentage of weight contrib- 
uted by each internode. 

The percentage of sucrose in the juice increases from the first to a 
iiiaximiiiii in the third or fourth internode, and progressively and 
markedly decreases in the lower internodes. With maturity, the total 
percentage of sucrose in the expressed juice increases, and m the same 
relative proportion in the different internodes. 

The coefficient of apparent purity of the juice parallels closely the 
percentage of sucrose determined by polarization. It increases totally 
with maturity. 

^ If sorgo juices are to be used for the crystallization of sucrose, pre- 
viously recommended topping practices are incorrect. The reverse 
procedure should be used, that is, the bottom internodes should be 
discarded, as they have relatively a much lower coefidcient of purity. 
In some cases seweral internodes at the bottom of the stalk are much 
below the practical crystallization iimilB for sucrose. 

In the manufacture of sirup from the sorgo stalk, however, topping, 
or discarding the three or four upper internodes, reduces the tendency 
of^ the sirup to crystallize sucrose and also produces sirup with a 
minimum of acidity or sharp '^'^tangd’ 



FOOT ROT OF CHINA-ASTER, ANNUAL STOCK, AND 
TRANSVAAL DAISY CAUSED BY PHYTOPHTHORA 
CRYPTOGEA ' 

By C. M. TomfkusS, assistant plant pathologist., California Agricultural Experiment 

Station, and C. M. Tucker, plant pathologist, Alissouri AgricuUwral Experiment 

Station ^ 

INTRODUCTION 

In August 1934, a destructive foot rot of Cliina-aster {CaMisfe;pkm' 
cMnensis Nees) was observed in Golden Gate Park, San Francisco, 
Calif. Most of the plants wliich had reached the flowering stage were 
either dead or dying. The disease, caused by Phyiophihora crypt ogea 
Pethybr. and Laff., is of general occurrence on the northern end of the 
San Francisco peninsula. More recently, annual stock or giUiflower 
{MaUMola imam R. Br. var. anmia Voss), also cultivated extensively 
in this section, and Transvaal daisy {Gerhera jamesonii Plook. var. 
iransmalensis Hort.), grown at Hayward and Capitola, Calif., were 
found to be similarly affected. The studies reported in this paper 
deal principal^ with the disease on China-aster. 

REVIEW OF LITERATURE 

A disease of China-aster, known as blackleg or foot rot, was reported 
from England in 1915 by Robinson who attributed the cause to 
an unidentified species of Phyiophthora. 

In 1919, Pethybridge and Lafferty (16) described a foot-rot disease 
of young tomato plants, prevalent in a nursery near Dublin, Ireland. 
Diseased China-asters with comparable symptoms were found in the 
same locality. A new species of Phyiophthora, described as P. cryp- 
togea, was cultured from diseased tomato and Cliina-aster plants. 
The pathogenicity of the two isolates was established by wound inocu- 
lations into their respective hosts, while cross inoculations were like- 
wise successful. 

Brittlebank and Fish (6) reported infection of mature Cliina-aster 
plants by Phyiophthora cryptogea in 1927. 

The disease was serious on China-asters in England in 1925 and 
1926, according to Pethybridge (15). 

Bewley (4) reported the disease on China-asters in England in 1927, 
and damping-off in 1930. 

Pethybridge, Moore, and Smith (1 7) recorded the frequent occurrence 
of a foot rot of China-aster in 1929 and 1931 in England, and Pethy- 
bridge^ reported its presence in 1933 and 1934.^ 

The first record of the disease on mature China-aster plants in the 
United States was provided by Tompkins, Tucker, and Clarke (SS), 

i Received for publication Apr. 28, 1937; issued November 1937. Joint contribution from tbe Division of 
Riant Patbology, California Agricultural Experiment Station, and tbe Department of Botany, Missouri 
Agricultural Experiment Station. 

2, Grateful appreciation is expressed to Prof. Ralph E. Smith and Dr. M, W. Gfirdner, of tbe. California 
station, for helpful suggestions and a^istanee; and to Prof. B, A. Madson and W,. W. .Mackie, Divisionpf , 
Agronomy of the California station, for, generously supplying. greenhouse facilities for the inoculation tests. ' 

s Reference is made by number (italic) to Literature Cited, p. 572. 

« Letter from George H. Pethybridge dated Aug. 13, 1935. 
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According to Martin/ blackleg of China-asters was lound in tlic 
District of Columbia in 1926 by Charles Drecbsler, who isolated an 
unidentified species of Phytophthora Irom diseased s])(Mrineiis. 

Pethybrklge {15) and Ware (®) have briefly recorclexl tlio ocxuir- 
rence of the disease on annual stock or gillillower {Matthiola inca/na 
var. annua). 

Infection of Transvaal daisy (Gerbera jamesonii var. transvaalensis) 
has not previously been reported in the literature. 

xiccording to published reports, the natural host range of Phytoph- 
thora cryptogea includes, in addition to China-aster and annual stock, 
plants of 19 genera in 13 families: Araceae : calla {Zantedeschia aethio- 
pica Spreng.) (11, 17)] Liliaceae: tulip (Tulipa sp.) (1, 10)] Iridaceae: 
gladiolus (Gladiolus sp.) (1)] Papaveraceae: Iceland poppy (Papaver 
nudicaule L.) (6)] Cruciferae: cauliflower (Bmssica oleracea L. van 
boirytis L.) (17), wallflower (Cheiranthus cheiri L.) (6, 16)] Legumi- 
nosae: white lupine (Lupinus albus L. ) (6)] Umbelliferae: celery 
seedlings (Apium graveolens L.) (9)] Ericaceae: Rhododendron caro- 
linianum Rehd., R. catawbiense Micbx., R. maximum L. (25), and 
Pieris fioribunda (Pursh) Benth. and Hook.^; Primiilaceae : primrose 
(Primula sp.) (6)] Solanaceae: tomato (Lycopersicum esculentum Mill, 
var. mlgare Bailey (2, 6, 8, 16, 17, 21, 24) and petunia seedlings 
(Petunia hybrida Hort.) (16)] Seropliulariaceae : snapdragon (/Into’- 
rhinum majus L.) (6)] Cucurbitaceae : cucumber (Cucumis sativus L.) 
(r5); and Compositae: zinnia (Zinnia elegans Jacq.) (12), dahlia 
(Dahlia sp.) (17), African marigold (Tagetes erecta L.) (18), and 
cineraria (Senecio cruentus DC.) (3, 6, 16)5 

FACTORS FAVORING INFECTION 

The principal environmental factors which favor inception and 
spread of the disease are excessive irrigation, inadequate drainage, 
and cool weather. ^ The disease is not confined to low, flat areas but 
may occur on sloping ground if the soil is kept extremely wet. Com- 
plete failure of the crop may be expected when soils become water- 

Observations have shown that when plants are grown on well- 
drained sites and supplied with only enough moisture to satisfy 
growth Tequirements, the incidence of disease is greatly reduced . 

SYMPTOMS OF THE DISEASE 

ON CHINA-ASTER 

Damping-off of China-asters, due to Phytophthora cryptogea, has 
not been observed under natural conditions in California, although 
it has been reported from England (4, 20). 

Generally the disease does not occur until some weeks after the 
greenhouse-grown seedlings have been transplanted to beds out of 

5 Martin, G. H. diseases of ornamentals, calmstephus chinensis, china-aster. U. S. Bur. 
Blaut Indus., Plant Disease Reptr. Sup. 55: 362-363. 1927. [Mimeographed.] 

^8 Humphrey, H. B., and Wood, J. I. diseases of plants in the united states in 1933. U. S. Bur. 
Plant Indus., Plant Disease Reptr. Sup. 86, 107 pp. 1934. [Mimeographed.] 

• After this paper was accepted for publication, attention of the writers was called to a recent report 
on the natural infection of Marguerite (Chrysanthemum fratescens L.) by Phytophthora cryptogea. [Oyler , 
E. a disease of the marguerite. Nursery and Market Gard. Indus. Devlpmt. Soc., Chestunt, 
Expt. and Research Sta. Ann. Kept. (1936) 22:59. 1937.] Accordingly, this host should be added to the 
list given above. 
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doors. Although a few plants die early in the season, the heaviest 
loss occurs immediately preceding and during the flowering period 
(fig. 1). The disease appears suddenly, and infected plants usually 
die promptly. 

^ Above ground, the chief diagnostic symptoms of the disease con- 
sist of rapid, permanent wilting of the leaves; a blackish-brown dis- 
coloration of the lower part of the stem; and lodging of the plant on 
the ground, occasioned by rottmg, shriveling, and collapse of the stem 
at or near the soil line. 

The fungus enters the plant through the tap or lateral roots, ulti- 
mately spreading throughout the entire root system and upward into 



riGXJBE 3. —Phytophthora foot rot of Ohina-asters in Golden Gate Park, San Francisco, August 27, 1935. 
Infection causes rapid wilting, collapse, and sudden death of the plants. 


the lower part of the stem (fig.2). The invaded roots and stems show 
a soft, water-soaked, blackish-brown, odorless type of decay which 
at first is localized in the cortical parenchyma but later involves all 
tissues. Sometimes infected plants develop adventitious roots at the 
upper edge of the diseased part of the root. Diseased plants are 
easily pulled from the soil, but invariably the cort6?x of the taproot 
and lateral roots sloughs off and remains behind. 

ON ANNUAL STOCK 

The fungus may attack annual stock plants in all stages of growth, 
but heaviest infection occurs prior to or during the flowering period. 
The syinp toms consist of sudden wilting and drooping of all but the 
youngest tuft of leaves, infection and rotting of the roots and lower 
part of the stem, with ultimate breakage of the stem at or near the 
soil level. The invaded tissues are blackish brown in color, water- 
soaked, soft, and odorless. Infected plants are easily pulled from the 
soil.; ' 
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ON TRANSVAAL DAISY 

On, Transvaal daisy, symptoms consist of sudden 'wilting of tlie 
leaves accompanied by a conspicuous color change from the normal 
green to the violet carmine of Ridgway (19). Plants of all ages are 


Figuee 2.— Phytophthora foot rot of China-aster fnatural infection): A and B, Decay of the root system 
and typical lesions on the lower part of the stems; C, healthy root system and stem 

susceptible, but the principal damage occurs during the flowering 
period. After invading the crown tissues at or just below the soil 
level, the fungus travels downward into the roots. Diseased crown 
and root tissues are soft, water-soaked, blackish brown in color, and 
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odorless. YiTien. infected plants are dug, tlie cortex of the roots 
usually sloughs off, exposing the discolored central cylinder or stele. 
If an attempt is made to pull the plant before digging, breakage 
occurs at the crown and most of the roots remain in the soil. 

THE CAUSAL FUNGUS, PHYTOPHTHORA CRYPTOGEA 

Phyto'j^hthora cryptogea was readily isolated from the roots and 
stems of recently infected Oliina-aster, annual stock, and Transvaal 
daisy plants by placing small tissue fragments from the internal, 
advancing margin of decay on malt-extract agar (18), After 48 
hours, pure cultures were established on agar slants by transferring 
hyphal tips from Petri-dish colonies. The fungus was cultured at 
intervals from approximately 100 diseased Clrina-aster and 50 diseased 
annual stock plants collected in different localities on the San Francisco 
peninsula. It was also isolated from numerous diseased Transvaal 
daisy plants. From a group of diseased Transvaal daisy plants col- 
lected at Burlingame, Calif., pure cultures of P. drechsleri Tucker were 
consistently obtained. 

Freehand cross and longitudinal sections of naturally and artificially 
infected roots and stems of China-aster, annual stock, and Transvaal 
daisy were stained with fast green and Magdala red. The fungus is 
intercellular, Pethybridge and Lafferty (16) found the mycehum to 
be intercellular and intracellular in the parenchymatous tissues of 
tomato plants. The hyphae, upon invading healthy tissues, were 
confined to the intercellular spaces, but in very young seedlings and in 
older diseased plants were observed in the wood vessels. 

Isolates of Phytophthora cryptogea from China-aster, annual stock 
and Transvaal daisy were indistinguishable in culture. On potato- 
dextrose agar there was scant aerial growth of white mycelium 
with the development of occasional clusters of vesicular swellings 
in the mycelium; on Difco corn-meal agar the mycelial growth 
was almost entirely submerged; on oatmeal agar the development 
of aerial mycelium was fairly profuse but no spores appeared. 
Sporangia and oogonia failed to develop on any of the solid culture 
media used. 

The vesicles that appeared in potato-dextrose agar cultures were 
usually less than 27 microns in diameter. They were spherical to 
irregular in shape, thin-walled, with hyaline contents that resembled 
those of the hyphae, from which they were not separated by wads 
as are the chlamydospores produced by Phytophthora parasitica and 
other species. The vesicles of P. cryptogea differed from those of 
P. cinnamomi in their smaller size, comparative rarity in culture, and 
in their smaller degree of differentiation from the hyphae. 

Sporangia developed fairly abundantly on hyphae transferred 
from week-old cultures on oatmeal_ agar or in pea broth to Petrks 
solution, distilled water, or nonsterile soil leachate, as suggested by 
Mehrlich (14) ; in the latter the sporangia developed very promptly, 
appearing after 48 hours. They were obpyriform to ovate or elon- 
gated, the latter often slightly constricted nep the middle, non- 
papillate, with a small distinct refringent thickening at the apical end, 
22.8 to 44.8 by 11.6 to 21,2 microns, averaging 32.2 by 17.2 microns. 
Sporangia produced after 6 days in Petri’s solution were similar in 
shape and size to those produced in the nonsterile soil leachate. The 
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sporangia germinated by the growth of a single slender hyplia from the 
refringent apical region, or by the development of zoospores which were 
fully differentiated within the sporangium and escaped in the manner 
typical of the genus. The sporangiophores resumed growth througli 
evacuated sporangia in the fashion usual in Phytofhthora cryptogea 
and certain other species with nonpapillate sporangia. 

Oogonia, oospores, and antheridia were not observed in the cultures 
examined, and late and scanty development of sexual spores in cuh 
tiire is probably characteristic of the species. 

Nine isolates were grown on Difco corn-meal agar plates at various 
temperatures. After 96 hours the average diameters of the mycelial 
growths were as follows: At 3° to 4.5"^ C., 0; at 11°, 15 mm; at 15°, 
35 mm; at 20°, 50 mm; at 25°, 59 mm; at 30°, 48 mm; at 35°, 0. At 
35° the inociila usually failed to survive the exposure of 96 hours. 

The California isolates of Phytophthora cryptogea were compared in 
parallel cultures with an isolate of the species sent to the Centraal- 
bureau voor Schimmelcultures by Pethy bridge. Their similarity in 
cultural characters, morphology, and temperature relations seem to 
justify the identification of the California isolates with the aster 
parasite reported from Europe and Australia, even in the absence of 
observations on the sexual stages. 

PATHOGENICITY TESTS 

Inoculum was prepared by growing the different isolates of the 
fungus on sterilized, moistened cracked wheat. It was added in uni- 
form quantity to autoclaved soil in 6-inch pots, each containing a 
young plant (6 to 10 leaves), in a manner designed to avoid wounding 
the roots. Sterilized wheat was used for the noninoculated controls. 
The plants, grown in a greenhouse at temperatures ranging from 18° 
to 22° C., were watered heavily each day to provide favorable con- 
ditions for infection. 

ON CHINA-ASTER 

The pathogenicity of the China-aster isolate was proved on the 
variety Late Branching Mary Semple. On December 28, 1934, 25 
plants were inoculated. By January 9, 1935, all plants were infected, 
the incubation period ranging from 5 to 12 days. Symptoms shown 
by diseased plants were identical with those resulting from natural 
infection. Typical wilting of the leaves (fig. 3) and collapse of the 
stem with lodging of the plant occurred. When diseased plants were 
pulled from the soil, the soft, watery, blacldsh-browm cortical tissues 
were readily sloughed off from the central cylinder of the taproot. 
Most of the lateral roots were completely rotted. The live noninocu- 
lated controls continued healthy. All infected roots yielded the fungus 
when plated. 

On January 25, 25 China-aster plants of the same variety were in- 
oculated with the reisolated fungus. All plants were infected by 
February 5, the incubation period ranging from 7 to 11 days. The 
live noninoculated controls were healthy. 

Danaping-off of Cliina-aster seedlings (varieties Apricot and Ford- 
hook Favorite) occurred when seeds were planted in previously in- 
fested soil or in autoclaved soil to which the fungus was latel added. 
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ON ANNUAL STOCK 

Healthy annual stock plants (variety Fiery Blood Bed) were readily 
infected in 24 days by artificial inoculation with the isolate from this 
host (fig. 4). The fungus was reisolated and its pathogenicity again 
demonstrated by inoculation. All control plants remained healthy. 



Figure 3.— Phytophthora foot rot of China-aster: A, Artificial infection of the variety Late Branching 
Mary Semple after 7 days, showing rapid wilting; B, healthy control. 



Figure 4.— Phytophthora foot rot of annual stock: A, Rapid wilting of the outer whorls of older leaves 20 
days after inoculation with the isolate from this host, a tuft of young inner leaves remaining turgid; JS, 
healthy control. Variety Fiery Blood Red. 


ON TRANSVAAL DAISY 

Two isolates of Phytophthora cryptogea from Transyaal daisy grown 
in widely separated localities proved pathogenic when inoculated into 
young, healthy Transyaal daisy plants. Typical symptoms of the 
disease were produced in 20 to 69 days. The pathogenicity of the two 
reisolates was again demonstrated by inoculation. 

■ 26445—37 -2 ' ' 
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A culture of Phytophthora drechsleri, previously referred to, also 

caused infection of healthy Transvaal daisy plants, after inoculation. 
Infected plants showed symptoms which were^ identical with those 
resulting from invasion by P. cryptogea, and the incubation period was 
approximately of the same duration. The desirability of laboratory 
cultural examinations of diseased specimens is apparent. 

It is concluded that the several isolates of the fungus are highly 
pathogenic to the hosts from which they originated. That direct 
penetration of unwounded healthy roots and stems occurred under 
conditions of these tests is indicated. 

SUSCEPTIBILITY OF CHINA-ASTER VARIETIES TO INFECTION 

Numerous commercial varieties of China-aster were tested for sus- 
ceptibility to infection by Phytophthora cryptogea. For convenience^ 
these varieties were segregated into arbitrary classes:^ _ Crego,^ 36; 
Dwarf Bouquet, 1; Early Beauty, 24; Giants of California, 14; King, 
14 ; Late Beauty, 4 ; Late Branching, 39 ; Peony Flowered, 1 1 ; Pompon, 
17 ; Queen of the Market, 20 ; Royal, 9 ; Single or Sinensis, 11 ; Sunshine, 
4; Victoria, 10; and unclassified, 13. Of the 227 varieties, 75 were 
listed as resistant to fusarium wilt by the seedmen from whom they 
were obtained. Wilt-resistant varieties were not available in the 
Dwarf Bouquet, Giants of California, Late Beauty, Pompon, and 
Siiiisliine classes. In addition, one foreign variety belonging to the 
King class and of no commercial value because of its dwarf habit, was 
tested. 

Approximately 20 plants of each variety were inoculated according 
to the method previously described. This involved in the aggregate 
about 5,000 plants. All varieties proved to be highly susceptible, 
with no survival of individuals in any particular variety. Under green- 
house conditions, the fusarium wilt-resistant varieties were as readily 
attacked by the fungus as those listed as wilt susceptible. The incu- 
bation period for most varieties ranged from about 10 to 45 days. 
When considered collectively, the minimum incubation period for all 
tested^ varieties was 6 days and the maximum 93 days, Altbongh 
some mfected plants reached the flowering stage before they died, 
most of them succumbed prior to flower formation. 

In the autumn of 1935, seed was obtained from a few apparently 
resistant China-aster plants grown in Golden Gate Park. Progeny of 
all selections proved susceptible upon inoculation. 

EXPERIMENTAL HOST RANGE 

Artificial infection of certain plants by Phytophthora cryptogea 
been recorded by several investigators, a brief resume of which is 
given. Pethybridge and Lafferty {16) reported infection with an 
isolate of this fungus from tomato, after wounding, of beech seedlings 
{Fagus sylmticah,) {Beta vulgaris L.), swedes {B, campestrish, 
var. ^D turnips {B. rapa L.), apples {Malus 

sylvestris GUia tricolor Benth., potato tubers {Solanum tubero- 

sum h,), and green and ripe tomato fruits {Lycopersicum esculentum 
YQX. mdgme). Later, Cairns and Muskett {?) corroborated in part 
the earlier work of Pethybridge and Lafferty (16) by artificially 
producing pink rot of potato tubers {S, tuberosum), 

s This classification was kindly suggested hy Harry B* Joy of Salinas, Calif. 
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^ The China-aster isolate of PhytopMhom cryptogea has a compara- 
tively limited experimental host range. Young plants (6 to 10 leaves) 
of wallflower (Cheiranthus cheiri), annual stock {Matthiola incana var. 
annua) ^ Transvaal daisy {Gerbera jamesonii ysiX, transvaalensis), 
Michaelmas daisy {Aster alpinus 1j., A. oreophilus Franch.y andM. 
subcoerulem S. Moore var. diplostephioides Hort.), and hybrid cineraria 
{Senecio cruentus) were artificially infected. Damping-off of cucumber 
seedlings {Cucumis satims) occurred when seeds were planted in 
infested soil. 

^ Fruits of eggplant (Solanum melongena L. var. esculentum Nees), 
ripe tomato {Lycopersicum esculentum var. vulgare) var. Stone, green 
bell pepper {Capsicum annuum L. var. grossum Sendt.), pumpkin 
{Cucurbita pepo L. var. condensa Bailey) var. Early White Bush 
Scallop, watermelon {CitruUus vulgaris Schi'ad.), and cucumber {Cucu- 
mis sativus) were infected without wounding. Lesions on all fruits 
had a water-soaked appeai'ance except those on eggplant, which were 
warm sepia in color. 

The following species reacted negatively to artificial inoculation: 
Bulbous plants, including Chinese sacred-lily (Narcissus tazetta L. var. 
orientalis Hort.), tulip {Tulipa gesneriana L.j, hyacinth {Hyacinthus 
orientalis L.), hybrid gladiolus {Gladiolus sp.), freesia {Freesia hybrida 
Hort,), and poppy-flowered anemone {Anemone coronaria L.); fruits 
of apple {Malus sylvestris Mill.), var. Yellow Newtown, green tomato 
{Lycopersicon esculentum var. vulgare) var. Stone, squash {Cucurbita 
maxima Duchesne) var. Banana, pumpkin {Cucurbita pepo var. con- 
densa) var. Pie, Yellow Crookneck, and Zuccliine, Persian melon 
{Cucumis melo L. var. reticulatus Naud.), and Honey Dew melon (C. 
melo var. inodorus Naud.); roots of garden beet {Beta vulgaris)^ ruta- 
baga {B, campestris var. napobrassica), turnip (5. rapa) var. Purple 
Top WMte Globe, carrot {Daucus carota L.), and parsnip {Pastinaca 
sativa L.) ; tubers of potato {Solanum tuberosum) var. Kusset Burbank; 
and young plants of Iceland poppy (Papaver nudicaule), wallflower 
{Cheiranthus cheiri)^ pansy {Viola tricolor L.), celery {Apium graveolens) 
var. Golden Self Blanching, common pimpernel or poor-man’s- 
weatherglass {Anagallis arvensisJj.), Gilia tricolor^ tomato {Lycopersicum 
esculentum var. vulgare) var. Early Santa Clara Gamier, green bell 
pepper {Capsicum annuum var. grossum), tobacco {Nicotiana tabacum 

L. var. Turkish), petunia {Petunia hybrida), snapdragon {Antirrhinum 
7najus), nemesia {Nemesia ^strumosa Benth. var. suttonii Hort.), sun- 
flower {Helianthus annuus L.), zinnia {Zinnia elegans) var. Double 
Lillipiit Purple, English daisy {Beilis perennis L.), Michaelmas daisy 
{Aster farreri W. M. Sm., A, horizontalis hort. hyhv. grandifiorus, 

M. pyramidalis, A. subcoeruleus S. Moore, and A, yunnanensis 
Franch.), French marigold {Tagetes patula L.), and African marigold 
{T. erectah). 

Seeds of several species were planted in infested soil but no damp- 
ing-off occurred on seedlings of cauliflower {Brassica oleracea var. 
6o^r7/fe) var. February, turnip (B. rapa) var. Purple Top White 
Globe, wallflower {Cheiranthus cheiri, celery (Apium graveolens) , 
parsnip (Pastinaca sativa), Gilia tricolor, tomato {Lycopersicum\esculen- 
var. vulgare), petunia (Petunia hybrida), snapdragon (Antirrhinum 
majus), zinnia {Zinnia elegans), dahlia (Da/iHci sp.), and hybrid 
cineraria (Smaao 
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Two varieties of Cliina-aster (Giant Crego Azure Blue, wilt resist- 
ant, and Queen of the Market Lavender, wilt resistant) were readily 
infected by the isolate of Phytophthora cryptogea from annual stock 
after 17 days. However, the type culture from Pethybridge (host 
not specified), an isolate from African marigold (18), and the two 
isolates from Transvaal daisy did not cause infection after 41 days. 

Plants of annual stock (variety Fiery Blood Red) were infected 
with the two isolates from Transvaal daisy after 23 days. The type 
culture yielded negative results. 

Successful inoculations were made to Transvaal daisy plants with 
the isolate from annual stock, after 29 days, and with the isolate 
from marigold, after 22 days. The type culture did not cause 
infection. 

SUMMARY 

A foot rot of Cliina-aster, annual stock, and Transvaal daisy, 
caused by Phytophthora cryptogea Pethybr. and Laff., is prevalent on 
the San Francisco peninsula and in other localities. 

The principal environmental factors favoring the disease are ex- 
cessive moisture, poor soil drainage, and cool weather. 

Infected plants wilt very suddenly. The roots and the lower part 
of the stems of China-aster and annual stock and the roots and crowns 
of Transvaal daisy are involved in a soft, wet decay. Ultimately 
breakage of the stems or crowns at or near the soil level is followed 
by lodging and death of the plants. 

The isolates of the fungus from China-aster and other hosts are 
described. 

In the greenhouse, infection w’^as obtained by adding the fungus to 
the wet, autoclaved soil of potted plants. The incubation period 
averaged 10 days for China-aster, 24 days for annual stock, and 45 
days for Transvaal daisy. 

The China-aster isolate was pathogenic to cucumber seedlings and 
young plants of wallflower, annual stock, Transvaal daisy, Michael- 
mas daisy, and hybrid cineraria, as well as to unwounded fruits of 
eggplant, ripe tomato, green bell pepper, pumpldn, watermelon, and 
cucumber. 

The annual stock isolate caused infection of China-aster and 
Transvaal daisy. 

Wlien inoculated into annual stock, the Transvaal daisy isolates 
proved pathogenic, but no infection of China-aster was obtained. 

An isolate of Phytophthora dTechsleri from Transvaal daisy readily 
infected that host. Symptoms produced were mdistinguishable from 
those induced by P, cryptogea. 

No resistance to the disease w^as found in any of the commercial 
varieties of China-asters tested, including strains resistant to fusarium 
mlt. 
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A FORMULA FOR REDUCING THE COMPUTATIONS 
NECESSARY TO FIND THE VARIANCE OF A SET OF 
AVERAGES ^ 

By William Dowell Baten 

Research associate in statisiicsy Michigan Agricultural Experiment Station 

The yield of a three-row plot is often considered to be the average 
of the yields of the rows.^ The averages of these yields are used to 
obtain the mean and variance of the yields of the entire number of 
plots used in the experiment. Since the yield of each plot is an 
average of three-row yields, fractions are usually involved; also, 
deviations of the plot yields from the general mean of the group 
involve more fractions which increase the work of computation. 

The weight of a steer is often considered to be the average of three 
measurements of his weight taken at different times during the day. 
Some research workers find the average of the three measurements, 
the deviations of these averages from the general average, and then 
the variance of the measurements from the sum of squares of these 
deviations. This method is used frequently in finding the variance 
of the weights of steers employed in a project. WTien this method of 
calculating the variance is employed, a great amount of computing is 
usually required in which decimal fractions arise. 

The object of this paper is to show how to obtain the mean and 
variance of the measurements without the labor involved in finding the 
averages of the three measurements made at the outset and the 
deviations of these averages from the general mean. 

Let Xu Vu ^1 represent, respectively, the yields of the three rows in 
the first plot; let ^ 2 ; ^2 represent the yields of the three rows in the 
second plot, etc. Yields of the plots are taken as the average of the 
three-row yields. They are, respectively, 

3 . 

Tir __^2 + ^2 + ^2 

in 3 . 

3 

The general mean, or the mean of all the plot yields, is 

StT “ ' 

which is the sum of all row yields divided by 3n, the total number of 
rows in all plots. 

1 Received for publieation Mar. 15, 1937; issued November, 1937. Journal Article no. 294 (n. s.) from 
the Michigan Agricultural Experiment Station. 
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Ifc is not iiecessaiy to use tlie actual lueasurexrieiil.s, for by using an 
assiiiiied or pi*ovisioiial mean the general mean and variance can be 
found. The use of a provisional mean enables one to reduce the size 
of the items and thus to lessen the chances of making errors. Let m 
be the provisional mean, which is usually some whole number near 
the center of the range of the measurements; let x/ be the deviation 
of the yield of the first row in the first |)lot froni the provisional mean, 
m; let y/ be the deviation of the yield of the second row in the first plot 
from m, and the deviation of yield of the third row in the first 
plot from m; etc. The deviations of the original measurements from 
the provisional mean, ?n, are small numbers and hence are easier to 
use in computing. 

The general .mean, M, can be written in terms of the deviations from 
the provisional mean. By definition ^ 

— yi'=yi~~7n, Xi=!7:i~-ni 

Xfi, ~Xn 771 j y^i —y,/" iHj z,i ^ Zfi /a. 

Adding the above gives, 


( 1 ) 

or 

Hence 

(2) 


2 {x/ +y/ + z/) = 2^ (xH- y + 2 :) — d7mi 
2 (x + y + 2 :) = (x/ + y / ~{-z / ) + Ihini 

(£+l±5) _ 2(xM-y H-^0 , ,, 


From the definition 


( 3 ) 


X + y i + 2: ./ == X / + y / + 2: / + 3 m 


The variance Vof the yields of the plots, obtained by taking the 
average of the three nieasurements, is by definition 


or 


(4) 


Si Mxt+yi+zt)- Z1 (xt+yi+Zi)\ 




3n 


}/ (n--™!) 


i=l 


Substituting the values of S(z,+ 2 /i+ 2 i) and Xt+yi+zt from (2) and 
(3) respectively into (4), gives 


( 5 ) a-’ 


/ 37i \ 2 / 

^lSxi'+yi'ArZi')+^nm.-^{x/+yiSsi')-Znm\ y'' 


i~ 1' 


3n 


/ (n-l) 


/ N 


f=i 


Zn 


IS eonsidered to be the best estimate of the variance of the population from which the sample is 
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Now, caiTyiiig out the summation in the aboye line, wo hare the 
following without the denominators 

71^ (x / + Vi + {x/ + y/ + z/) {xf Ay I + ^lO + ~\~y / "H 

n\xf+yV + zFf-~2ni:(x/+y/ + B/){xf+yA + zf) + (Mx/+y 


r^^(x,/+y,/ + ^;/)^“”2/iS(xj'd~'2/7^ + 2:/) (xf Ay?/ A ’^n) + &(x/ Ay/ A ^j')) 


Adding, we get 


(^/+?//+s/)^“2'a2;i WAy/A^/) S (p^Z+y/A^/) 

i=l j=l 

+ W.(h (•%' + ?// + 2/)) 

I'y' (i'/ +?// + s/) ■— + 2/j^ + 2/ ) J 

^ -^^2 


/(-«,- 1) 


or 


( 6 ) 


in / n \2] 

(^/+2//+2/)^-(S ix/+y/+z/)) 


/{n-l) 


9n 


Formula (6) looks complicated; actually it is very easy to use, as 
table 1 concerning yields of three-row plots of Minhardi wheat will 
show. The first three columns in table 1 contain wheat yields for the 
three rows of 10 plots. The next three columns contain the deviations 
of the yields from the provisional mean, 250 g. In column 7 are 
recorded the sum of the items in columns 4, 5, and 6; the last column 
contains the squares of the numbers in column 7. 

Table 1. — Data to illustrate the use of formula (6) 


Yield of Minhardi wheat 

a;-250 

a:' 

I/-250 

y' 

z-250 

z' 

x'+y'i-z' 

iU+V'+z') 2 

Kow 1 

X 

Kow 2 

V 

Row 3 

2 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

247 

251 

224 

-3 

1 

-20 

-28 

, ,784 

249 

223 

233 

-1 

-27 

-17 

-45 

2, 025 

271 

252 

221 

21 

2 

-29 

-6 

36 

263 

233 

255 

13 

-17 

5 

1 

1 

280 

215 

260 

30 

-35 

10 

5 

. ' 26 

255 

234 

258 

5 

-16 

8 

-3 

9 

256 

217 

241 

6 

-33 

-9 

-36 

1,296 

262 

226 

268 

12 

-24 

18 

6 

36 

297 

267 

284 

47 

17 

34 

98 

9,604 

288 

252 

269 

38 

2 

19 

59 

3,481 

Tol 

;al.— .... 



' 1 


: +51 y 

■ 17,297 ■■ ' 








F rom (2) the value of the general mean is Ms= 250+^=251.7 g. 
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From formula (6) the variance of this set of data, where the plot 
yield is considered to be the average of the yields of the three rows in 
the plot, is 

, 10 ( 17 , 297 )— ( 51 ) 2 __ 170 , 369 _^ 

^ 90 ( 9 ) 90 ( 9 ) " 

/.(r=V21^ = 14.5g 

In the foregoing illustration there were no fractions in the calcula- 
tions until the last step in finding M and the last division in finding 
A similar formula can be derived from n plots, each with k rows, 
where the yield of a plot is considered to be the average of the yields 
of the k rows. The formulas for mean and variance are 


^^(a/ ~\~b/A'C/ • • • -fk/) 

(7) M='^ ^ +m 


and 


(8) 


n / n 

n^{a/+b/+c/+ . . * . . . +k/)) 

k'^‘7i{n-—l) 


where at is the yield of the first row of the fth plot, and a/ is the 
deviation of the yield of the first row in the fth plot from the provisional 
mean m. 

Let us now consider a set of weight measurements made on 13 steers, 
where the weight of a steer is considered to be the average of five 
measurements made during the first day of the feeding experiment, 
as shown in table 2. 


Table 2. — Data to illustrate the use of formulas (7) and (8) 


Steer 

no. 

Weights of steers taken at 5 times during 
first day 

w=310 

(h) 

(1^+6^+ 

c'+d' 

+e' 

(hy 

Tirst 

a 

Second 

6 

Third 

c 

Fourth 

d 

Fifth 

e 

a -310 

a' 

6-310 

b‘ 

c-310 

c' 

d~310 

d' 

e-3l0 

e' 


U. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

n 

300 

315 

304 

308 

310 

-10 

5 

-6 

-2 

0 

-13 

169 

2 

285 

280 

293 

297 

288 

-25 

-30 

-17 

-13 

-22 

-107 

11,449 

! 

825 

322 

317 

329 

320 

15 

12 

7 

19 

10 

63 

3, 969 

4., 

337 

324 

330 

334 

328 

27 

14 

20 

+24 

18 

103 

10, 609 


295 

307 

301 

299 

306 

-15 

-3 

-9 

-n 

-4 

-42 

1,764 


271 

283 

280 

278 

285 

-39 

-27 

-30 

-32 

-25 

-153 

23, 409 

7 : 

306 

319 

312 

318 

306 

-5 

9 

2 

8 

-4 

10 

100 


329 

322 

314 

319 

324 

19 

12 

4 

9 

14 

58 

3, 364 


304 

309 

317 

321 

314 

-6 

-1 

7 

11 

4 

15 

225 

10 

325 

333 

335 

340 

330 

+15 

23 

25 

30 

20 

113 

12, 769 

11—-.- 

301 

313 

297 

303 

307 

-9 

3 

-13 

-7 

-3 

™29 

841 

12...— 

279 

288 

291 

284 

275 

-31 

-22 

-19 

-26 

-35 

-133 

17, 689 

13—' 

298 

, 294. 

306 

301 

290 

i -12 

-16 

-4 

_9 

-20 

-61 

3,721 

, Total. 











—176 

90,078 














From (7) the mean of the weights, where weight is considered to 
be the average of the five weights made during the first day, is 

+310=307.29 pounds. 
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From (8) the variance is 


(7^= 13 (90,078) -(-176)" 
25X13X12 


=292.32 


and 


o-=17.1 pounds. 


This formula may be employed to shorten computation work when 
Harris’ formula is used for finding the intraclass correlation coefficient. 
Harris’ ^ formula is 

(9) + l)n], 

p-i 

where ^=the number of items in the same family; '?^'=the number of 
families; 

i=the mean of all items; ?^=tbe number of degrees of freedom; 
s"=the variance of an entire set of items; Xp = the mean of the 
items in the p th family: r=the intraclass correlation. 

n' _ _ 

The summation, S iii formula (9) can be found by formula 

p=i 

(6), as the following example shows. 

The number of pedicels per inflorescence of nonterminal inflores- 
cences on the second branch of a certain plant ivere counted for 
obtaining the correlation between number of pedicels for sister 
clusters. There were three nonterminal inflorescences on the second 
branch of these plants. Table 3 gives the data. 


Table 3. — Data to illustrate the use of formulas {6) and {9) 


Pedicels per cluster 

11 

00 

x'+y'+z' 

(x'+y'-j-z'Y-i 

First 

cluster 

X 

Second 

cluster 

y 

Third 

cluster 

z 

x' 

y' 

z' 

Number 

Number 

Number 






8 

9 

8 

0 

1 

0 

1 

1 

10 

10 

9 

2 

2 

1 

5 

25 

7 

8 

7 

-1 

0 

-1 

-2 

4 

9 

7 

8 

1 

-1 

0 

0 

0 

6 

7 

6 

—2 

~1 

-2 

-5 

25 

8 

9 

9 

0 

1 

1 

2 

4 

8 

8 

8 

0 

0 

0 

0 

0 

7 

7 

6 

-1 

-1 

-2 

-4 

: 16 

10 

9 

8 

2 

1 

0 

3 

; 9 

8 

9 

9 

0 

1 

1 

2 

4 

7 

6 

8 

-1 

. ~2 

0 

”3 

9 

11 

8 i 

9 

3 

0 

1 

4 

16 

9 

9 

9 

1 

1 

1 

3 

9 

8 

8 

8 

0 ! 

0 1 

0 

0 

0 

7 

6 

6 

-1 

-2 

.-2 

-5 

25 

, 9 

8 

8 

1 

0 

0 

1 

1 

7 

7 

7 


-1 


-3 

9 

11 

11 

10 

3 

3 

2 

-8 

64 

8 

8 

7 

0 

0 

-1 

-1 

1 

10 

8 

10 

2 

0 

2 

4 

16 

Total 





-6 

238 

L 









® Harris, JT. A. a contributioh to the pboblem of homotyposis. Bioraetrika 11: 201-214, illus. 1016. 
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By vising the quantity in brackets in formula (6) (ilicsum, S (,r„— j;)^, 
is equal to 


-.,_. 20(238)-(.0)'^ _4724 
^ x; g_20 180 

This value used in formula (9) leads to an intraclass correlation 
coefficient of 0.925. 

Formulas (7) and (8) enable one to find the mean and the standard 
deviation of a set of averages without actually finding the averages 
or the deviations from the general mean and by employing smaller 
mnnhers than the original measurements. Those formulas reduce 
the work of computation. 



THE URONIC ACID CONTENT OP THE NITROGEN-FREE 
EXTRACT OF FEEDING STUFFS ^ 


By G. A. Guanzon, instructor in sugar techiiology, college of agriculture^ Laguna^ 
P, and W. M. Sandstrom, assistant chemist, APinnesot a Agricultural Exveriment 
Station 

INTRODUCTION 

Abundant data exist on the percentage of nitrogen-free extract in 
feeds, but in only a few instances is there information concerning the 
kind and quantity of carbohydrates comprising it. According to 
their digestibilit}^ Fraps {Sy arranged the known components of the 
nitrogen-free extract in the following order: (1) Sugars, (2) starch, 
(3) pentosans, (4) residue. It is also being recognized that the effects 
of association of the different components may have a great deal to 
do with digestibility. Thus, results (5, 6, 7, 5, 9, 13, 14) show that 
the sugars and starches and the pentosans of hays and forages are 
generally less digestible than the same constituents in starchy con- 
centrates and meal feeds. 

The term ^Tesidual nitrogen-free extract’ is given by Fraps {10) 
to that part of the nitrogen-free extract remaining after the values 
for sugars, starch, and pentosans have been subtracted. This fraction 
includes the uronic acids, with the determination of which this paper 
deals. 

Polymers of uronic acids are widespread in the plant world as 
incrusting materials and as constituents of cell walls, and in the 
hemicellulose and pectic materials. Link (15, 16) has demonstrated 
the presence of free glycuronic acid in corn seedlings. It is well 
known that compounds like benzoic acid and certain terpene deriva- 
tives are eliminated from the higher animals as ^‘paired glycuronic 
acids.'’ Mathews {17) suggests that the uronic acid is a transitory 
stage in the oxidation of glucose in the body; however, it has never 
been shown that the higher animals are able to utilize tlie uronic 
complexes. 

METHODS OF EXPERIMENTATION 

MATERIALS 

Nine feeds representing concentrates, grain byproducts, and 
roughage were selected to give a variety with respect to physical and 
chemical characteristics, as is shown in table 1. The peanuts were 
purchased in the open market; the other materials were available at 
the Minnesota Agricultural Experiment Station. All were obtained 
in an air-dried condition. In each case a 300-g sample was coarsely 
ground and then placed in a ball mill until the particles were reduced 
to a size passing through a sieve having circular openings of 1 mm. 
diameter. 


1 Received for publication .Tune 11, 1936: issued November 1937. Contribution no. 1428 of the Minnesota 
Agricultural Experiinent Station. 

2 Reference is made by number (italic) to lAlterature Cited, p. 585. 
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Table L — Composition of feeding stuffs {moisture free) 


Feed 

Crude 

fiber 

Pentosans 
in crude 
fiber 

Nitrogen- 

free 

extract 

Uronic 
acid an- 
hydride 

Si 

Reducing 

sugars 

igars anc 

Sucrose 

1 starch 

Starch 

Total 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Alfalfa hay 

30.31 

5. 03 

40. 37 

10. 40 

1. 76 

1.65 

1.44 

4. 85 

Corncobs 

36.53 

4.48 

58. 87 

5. 88 

1.44 

. 60 

2.03 

4.07 

Corn bran-._._ 

16.96 

1.16 

62. 40 

6. 64 

.30 

nil 

7.34 

7. 64 

Peanut hulls 

76. 40 

14.47 

14. 70 

0. 00 

.83 

.48 

.88 

2. 11 

Peanut kernels — - 

2.43 

.20 

14.95 

1.92 

(0 

5.39 

3.27 

8, 66 

Rye 

2, 21 

.15 

81. 36 

.72 

.17 

5.43 

53. 68 

59. 28 

Timothy hay . _ 

34.55 

5. 98 

47. 19 

5.00 

3. 57 

1.39 

.74 

5. 70 

Wheat bran - 

12.11 

.99 

53.23 

3.88 

.70 

3.91 

7.83 

12. 44 

Wheat shorts.,: 

6.74 

.49 

68. 96 

1.68 

1. 16 

4.34 

20. 73 

26. 23 


1 Trace. 

ANALYTICAL METHODS 


The iironic acid content was determined by the method of Dickson, 
Otterson, and Link {4) except that the liberated carbon dioxide was 
received in two spiral tubes (Bailey (S)) in series, and the excess of 
barium hydroxide titrated in these containers. Approximately 20 
minutes of' heating is required to bring the temperature of the reaction 
mixture to 100^ C., during which time any carbon dioxide evolved 
from carbonates present is removed. At this stage the standardized 
solution of barium hydroxide is introduced into the receiving train. 
This is a slight modification of Anderson’s method (1). Norris and 
Kesch (18) have recently verified the statement that the determination 
of uronic acids by decarboxylation is quantitative. In the case of the 
rye, wheat shorts, and wheat bran samples, which contain large 
quantities of starch and sugars, correction was made for the carbon 
dioxide evolved under the conditions of the determination (0.45 
percent of the weight of the carbohydrate). The quantities of protein 
present do not yield a measurable amount of carbon dioxide under the 
above conditions. 

The determinations of moisture, ash, crude protein, pentosans, 
sucrose, reducing sugars, starch, and ether extract were made by the 
official methods of the Association of Official Agricultural Chemists 
{2, pp. 335 j 336, 25, 344, ^4^} 460, 34^, and 339, respectively). Crude 
fiber was determined by the Kennedy modification {11), Pentosans 
were also determined on a sample treated for weighing as crude fiber 
and both pentosans and crude protein determined on a fat-free 
sample wliich had been extracted for 30 minutes with boiling N/50 
sulphuric acid, followed by 15 minutes of boiling after the addition 
of enough sodium hydroxide to neutralize the acid and give a solution 
N/50 with regard to the alkali (7). Only part of these values are 
reported in this paper, however their determmations were necessary 
in order to calculate the values for the nitrogen-free extract. 

CALCULATIONS 

Pentosans in nitrogenfree extract,— The differences between the 
total pentosans and the pentosans in crude fiber are taken to be the 
pentosans in the nitrogen-free extract. 

Residual nitrogenfree exiroAit.— The percentages of sugars, starch, 
and pentosans in the nitrogen-free extract were added together and the 
sum subtracted from the total nitrogen-free extract. The remainder 
is termed the residual nitrogen-free extract. 
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Insoluble pentosans in nitrogen-free 6a;^rac^.— The pentosans were 
determined on the residue insoluble in N/50 acid and alkali. The 
pentosans in the crude fiber as determined previously were sub- 
tracted, and the remainder is termed the insoluble pentosans in 
nitrogen-free extract. The soluble pentosans in the nitrogen-free 
extract were calculated by differences. 

Insoluble residual nitrogen-free extract . — From the value for the 
residue insoluble in N/50 acid and alkali was subtracted the sum of the 
value for crude fiber plus the values for the crude protein and the 
pentosans in that insoluble residue. The difference is termed the 
insoluble residual nitrogen-free extract. The value for the soluble 
residual nitrogen-free extract was calculated by differences. 

DATA 

Table 1 gives the composition of the feeds on the moisture-free 
basis; all values are the average of three determinations. Table 2 
records the composition of certain constituents of the nitrogen-free 
extract calculated as percentages of that fraction. 


Table 2. — Composition of the nitrogen-free extract of feeding stubs 


Peed 

Uronic 

acid 

anhy- 

drides 

Sugars 

and 

starch 

Pentosans 

Residual nitrogen 
extract 

—free 

Soluble 

Insoluble 

Total 

Soluble 

Insoluble 

Total 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Alfalfa hay 

25. 76 

12.01 

17.24 

8.27 

25. 51 

29. 67 

32.83 

62. 50 

Corncobs _ 

9. 99 

6.91 

19.20 

33.55 

52.74 

6. 13 

34.20 

40.33 

Corn bran 

10. 63 

12.23 

41. 10 

8. 92 

56. 45 

18. 24 

13.08 

31.32 

Peanut hulls 

41.50 

14.35 

6.87 

34. 15 

40. 68 

9. 59 

34.90 

44.49 

Peanut kernels 

12.84 

57.93 

15.25 

6.29 

21. 54 

14.65 

5,81 

20.46 

Pye- — 

.88 

72.86 

9.77 

2. 14 

11. 91 

11. 37 

3.86 

1 15. 23 

Timothy hay 

10. 60 

12.08 

2.61 

26.30 

28. 90 

29.75 

29.24 

1 68. 99 

Wheat bran 

7,29 

23.37 

23. 61 

20. 72 

44. 34 

16.23 

16.06 

: 32.29 

Wheat shorts 

2.44 

38. 04 

14.16 

7.57 

21.74 

31.95 

8.27 

40. 22 


DISCUSSION 

In general the uronic acid content only partially tends to parallel 
the crude fiber content; in the case of the two hays and the corncobs 
the values are out of line. The pentosan content of the crude fiber 
shows a better agreement with the total crude fiber, thus suggesting 
that the variations in the uronic acid content are to be ascribed to 
the portion found in the nitrogen-free extract. 

In comparing the values obtained for the various constituents in 
the nitrogen-free extract it is to be recognized that the ^‘pentosan” 
values will include the pentose moiety of the uronic acid anhy^drides. 
On the basis of equivalent weights 75 percent of the uronic acid 
anhydride is pentose, but Norris and Kesch (18) have shown that the 
uronic acids yield only approximately 42 percent of the theoretical 
amount of furfural. On this basis SI. 5 percent of the weight of the 
uronic acid anhydrides is included in the ^^pentosan” fraction as 
determined. The appropriate deductions from, the total pentosan in 
the nitrogen-free extract have been made to give the corrected pen- 
tosan values. Only in the case of the alfalfa hay and the peanut hulls 
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is the change very great. The corrected pentosan value of the former 
is 17.41 percent as contrasted with 25.51 percent of the nitrogen-free 
extract, while in tlie case of the peanut hulls the value hecoines 27.62 
percent instead of 40.68 percent. Since it is not known how the 
iironic acids are distributed as between soluble and insoluble ^ ^pento- 
sans^ b and since the corrections are slight (ranging in difference from 
0.3 to 3.3 percent), the corrected values for the other feeds are not 
shown. 

An examination of table 1 fails to reveal any very great regularity 
between the uronic acid content and the total nitrogen-free extract of 
the feeds examined, although there is a tendency for the two to vary 
inversely. As is to be expected, the concentrates contain higher per- 
centages of starch and the soluble sugars, and with the exception of 
the peanut kernels, these latter vary inversely with the uronic acid 
content. Among the roughages the starches and sugars occur at 
about the same lower level but associated with higher concentrations 
of uronic acids. The proportionalities between the various known 
constituents of the nitrogen-free extracts are shown more cleaiiy by 
the method of calculation employed in table 2. 

The residual nitrogen-free extract contains the miscellaneous 
products; of these the uronic acid anhydrides in the feeds are here 
determined for the first time. There is no marked tendency to regu- 
larity between the content of uronic acids and the total residual 
extract. Except in the case of com bran and peanut kernels, the 
uronic acid content of these feeds increases with the insoluble residual 
nitrogen-free extract, but no regularity appears when the soluble 
portion is considered. 

Since the pentosan fractions as determined should include that 
arising from the uronic acids present, as pointed out earlier; and since 
pectins, hemicelluloses, and gums contain uronic acids (4,5,7); and since 
the pectins and gums may be sufficiently soluble to escape the crude 
fiber determination (5), we might expect to find some relationship 
between the uronic acids and pentosans. There is, again, no rela- 
tionship to be observed when the soluble and the insoluble pentosans 
are separately compared with the uronic acid content of each feed. 

The digestibility of the total nitrogen-free extract is no doubt the 
resultant of the digestibility of the individual components of this 
fraction. Investigators, particularly Fraps {10) j have referred the 
lower values of the digested matter of roughages as compared with 
those of concentrates to the presence of unknown and undetermined 
constituents. Fraps points out that the '^pentosans soluble in N/50 
acid and alkali are digested to a greater extent than the remaining 
pentosans’^ (7) and that “the nitrogen-free extract soluble in N/50 
acid and alkali is, as a rule, digested to a greater extent than that not 
soluble”_ (5). With this in mind the calculated percentages of 
digestibility of the feeds as shown in table 3 were made by assuming 
that the starches and sugars were 100 percent utilized, and that the 
pentosans and the residual nitrogen-free extract were utilized to the 
extent that they were soluble in N /50 acid and alkali. The calculated 
digestibility was arrived at by giving efiect to the proportions of the 
various constituents. This calculation was made in order to compare 
the results xvith those obtained for the nitrogen-free extract from 
feeding trials as summarized by Henry and Morrison (f^, appendix 
table II), 
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Table ^.—Digestibtliiy of feeds and of iheirnitrogen-free exiraci as related to uronic 

acid content of each 



Uronic acid content of— 

Calculated 

Coefficients of 
digestibility 

Feed 

Feeds 

1 

• 1 

Nitrogen- 

Iree 

extract 

digestibility of 
total nitrogen- 
free extract 

from feeding 
trials (Henry 
and Morrison 
(M ) 

Alfalfa hay 

Percent 
10. 40 

Percent 

25. 76 

Percent 

58. 92 

1 70-72 

Corncobs— 

5.88 

9. 99 

32. 24 

1 52 

Corn bran - 

6. 64 

10.63 

71.57 

80 

Peanut hulls. ___ 

6.00 

41. 50 

30. 81 


Peanut kernels 

1.92 

12. 84 

87. 83 

! ■ 84 

Rye 

. .72 

.88 

94. 00 

88-94 

Timothy hay 

5.00 

10. 60 

44. 44 

^ 47-62 

Wheat bran.... 

3.88 

7. 29 

63. 21 

66-72 

Wheat shores 

1.68 

2. 44 

84. 15 

i 78-88 


The calculated digestibilities agree surprisingly well with results 
obtained by actual feeding trials. There is a closer agreement in the 
case of the concentrates with their high content of starches and sugars 
and the lower content of uronic acid and residual nitrogen-free extract. 
On the other hand, the calculated digestibilities are somewhat lower 
than those obtained by feeding trials in the case of the roughages which 
contain a greater amount of uronic acid anhydrides. These latter are 
only part of the residual nitrogen-free extract, but the results sug- 
gest that the lowered digestibility may in part be accounted for by 
the uronic acids. 

SUMMARY 

Analyses on nine feeds classified as concentrates, grain byproducts, 
and roughages have been made in the usual way but to include uronic 
anhydrides in the residual nitrogen-free extract. Eoughages in general 
contain a higher percentage of the uronic acid anhydrides than do the 
concentrates. There does not appear to be any regularity between 
the uronic anhydride content and the other constituents of the 
nitrogen-free extract. A calculated artificial coeflficient of aigestibility 
of these feeds compares fairly well with the results of feeding trials, 
but the parallelism is less close in the feeds with a high nitrogen-free 
extract, part of which is of a uronic acid nature. 
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THE EFFECT OF MECHANICAL PROCESSING OF FEEDS ON 
THE MASTICATION AND RUMINATION OF STEERS ^ 


By C. H. Kick, Paul Gerlaugh, chiefs and A. F. Schalk, associate^ 

Animal Industry Department; and E. A. Silver, associate, Agricultural En- 
gineering Department, Ohio Agricultural Experiment Station 

INTRODUCTION 

Numerous data are available in the literature regarding the effects 
which various methods of preparation of concentrates and roughages 
have on the utilization of these feeds by cattle. The conditions under 
which the different trials have been conducted are so variable from 
the standpoint of the type of animal, indices used, and the degree of 
control of the many factors involved that it is difficult to draw con- 
clusions from the results reported. 

If mechanical processing of feeds is of any value other than in- 
creasing palatability or decreasing waste, it would appear that it 
must certainly save the animal some energy in the comminution of 
the feed by reducing the amount of work required in the processes of 
mastication and rumination. If this be true, the energy required for 
the so-called work of digestion would be reduced and the metabo- 
lizable energy so conserved should be available for production purposes. 

REVIEW OF THE LITERATURE 

Bergman and Dukes ^ reported a critical study on two cows fed a 
normal dairy ration of grain, silage, and hay. They found that one 
animal spent 6 hours and 42 minutes and the other spent 8 hours and 
22 minutes daily in rumination. In the case of each animal this 
process occurred in 15 to 20 periods which were evenly distributed 
over the entire day. The length of these periods varied from 2 to 49 
minutes with an average of 26 minutes. The total number of boluses 
regurgitated paralleled the total number of minutes of rumination. 
Approximately 59 seconds was devoted to each bolus and about 5 
seconds of this time was occupied by the processes of rumination 
other than remastication and reinsalivation. No correlation between 
the amounts of feed consumed and the time spent in rumination was 
reported. 

Fuller ^ obtained detailed information on three dairy cows fed a 
normal ration. He reported averages of 5 hours 57 minutes eating, 
8 hours 5 minutes ruminating, 53.9 seconds remasticating each bolus, 
and 3.73 seconds spent in deglutition and regurgitation. Twenty- 
two cows in stanchions daily spent approximately 3 hours eating, 8 
hours ruminating, and made approximately 41,000 jaw movements 
daily. The rate of the jaw movements depended on the kind of 
material being chewed — 94 per minute for the mastication of grain 
and silage, 78 per minute for the mastication of hay, and 55 per 
minute during rumination. 

1 Received for publication Mar. 29, 1937; issued November 1937. 

2 Bergman, H. X>.. and Dukes, H, H. observations on certain uiurnal phases of rumination. 
Jour. Amer. Vet. Med. Assoc. 67 (n. s. 20): 364-366, illus. 1925. 

3 FutLEB, J. M. SOME PHYSICAL AND PHYSIOLOGICAL ACTIVITIES OF DAIRY COWS UNDER CONDITIONS OF 
MODERN HERD MANAGEMENT. N. H. Agr. Expt. Sta. Tcch. BuU, 35, 29 pp., illus. 1928. 
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Schalk and Aniadon ^ reported data on the time required for the 
mastication of various feeds by dairy cows. They found that^ the 
following lengths of time were required for 5-pound allowances of the 
various feeds: Whole oats 10 minutes, corn on the cob 18 minutes, 
ground feed 14 minutes, hay 15 minutes. 

The same authors ^ obtained results of a study^ of rumination witli 
nine dairy cows on rations of ground grain, alfalfa hay, and corn 
silage. The animals were followed continuously for 60 hours. The 
observations obtained, based on a 24-hour period, were 6.14 hours occu- 
pied in eating, 6.89 hours ruminating, and 10.90 hours resting. 

Four animals were observed continuously for 60 hours for more 
detailed information,^ and it was found that the total time speiit in 
rumination was divided into 162 periods including 66 with the animal 
in the standing position, 75 in the lying position, and 21 in both posi- 
tions for part of the period. The average number of boluses per period 
was 25.37, with 50.32 chews being made on each bolus. During the 
entire period of 60 hours the four animals regurgitated 4,110 boluses 
and made 206,663 chews. 

Two animals were followed in detail for 24 hours while on pasture 
during the summer.'^ Thirty rumination periods were observed to 
average 26.1 boluses per period and the average number of chews per 
bolus was 39.11. Sixteen of these periods occurred while the animals 
were standing and 14 while lying. ^ They regurgitated 793 boluses and 
made 31,013 jaw movements during the 24 hours. 

The authors concluded that such factors as age, condition of the 
teeth, and the nature and kind of feed all affected rumination. Flies, 
mosquitoes, dogs, interference by herd mates, or any condition which 
would worry, frighten, or disturb the animal may lead to a cessation of 
rumination. If the stoppage was momentary, the animal would hold 
the bolus in the oral cavity and presently would resume chewing. 
However, the number of chews was always lessened and the total time 
of rumination decreased. 

The present investigations were undertaken as part of a larger pro- 
gram on the study of digestion in cattle. They were planned to deter- 
mine the effects of the processing of both concentrates and roughages 
on mastication and rumination in steers of various ages. 

METHOD OF PROCEDURE 

The animals used were ordinary feeder steers which had been pur- 
chased on the open market. They had all been operated on to pro- 
duce rumen fistulas for purposes other than the experiments to be 
reported. All the steers were in good physical condition but in rather 
thin flesh during these trials. Their ages at the beginning of the tests 
varied from 17 to 31 months. 

The following rations were fed to each steer: 

Ration 1, whole alfalfa hay. 

Ration 2, coarsely cut alfalfa hay — modulus 4.55 — uniformity 5:5:0.^ 

< ScHALK, A. F., aDd Amadon, R. S. physiology of the ruminant stomach (bovine); study of the 
DYNAMIC FACTORS. N. Dak. Agr. Expt. Sta. Bull. 216, 64 pp,, illus- 1928. 

5 The first expression of figures is the modulus of fineness; the second expression is the uniformity of the 
material in regard to size of particles. The finene^ of the material was made by the modulus system. Seven 
screens are used which range from a %-in0h mesh to 100 meshes per inch. This series of screens separates 
the material into varioUvS particle sizes. By weighing what remains on each screen a figure is computed which 
gives the fineness of the material. The larger number denotes coarse material and the smaller number 
denotes fine material. The consistency of uniformity of the material was arrived at by adding the percent- 
age of material remaining on the coarse screens, the medium screens, and the fine screens. This gives a ratio 
of three figures which denotes the relationship in the amounts of coarse, medium, and fine material in any 
given sample. 
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Ration 3, finely cut alfalfa hay — iBodiilus 3,55 — uniformity 1:7:2. 

Ration 4, ground alfalfa hay — modulus 3.25 — uniformity 1:6:3. 

Ration 5, whole alfalfa hay, protein supplement— modulus 2,01— uniformity 
0:3:7, shelled yellow corn — modulus 6.01 — uniformity 10:0:0. 

Ration 6, whole alfalfa hay, protein supplement — modulus 2.01^ — uniformity 
0:3:7, ground shelled yellow corn— modulus 3.56- — uniformity 2:6:2. 

Ration 7, protein supplement — modulus 2.01 — uniformity 0:3:7; shelled yellow 
corn— modulus 6.01 — uniformity 10:0:0. 

A good-quality alfalfa hay was used throughout the trials. The 
coarsely cut and finely cut hays were approximately 2-iiich and ){-inch 
pieces which had been cut in an ordinary hay cutter. Figure 1 shows 
samples of the alfalfa hay as fed. The hay and corn w^ere ground by a 
hammer- type mill. The protein supplement consisted of a mixture 



riauRE 1.— Samples of the various hays fed: A, coarsely cut alfalfa, appro.ximately 2-ineh lengths; B, finely 
cut alfalfa, approximately H-iuch lengths, C, whole alfalfa; D, ground aifalfe. 


of dry-rendered tankage, cottonseed, linseed, and soybean-oil meals, 
steamed bonemeal, limestone, and salt. Block salt was before the 
animals at aU times. 

The rations were fed at approximately 8 a. m. and 4 p. m. in such 
amounts as the animals would consume readily. Each steer was given 
exactly the same amount of the various kinds of hay in order to have 
a common basis on which to compare the amounts of mastication and 
rumination. The corn and hay of the mixed rations were always fed 
in the ratio of 3 parts of corn to 1 part of hay, the amo\mt of corn being 
regulated by the appetite of the animaL The shelled corji in ration 5 
was replaced by an equivalent weight of ground corn in ration 6. In 
the last trial (ration 7), the roughage was omitted from the feed, the 
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amount of protein supplement was maintained as in the two previous 
trials, and the animals were allowed all the shelled corn they would 
consume. . , 

A preliminary period of a week, in some cases more, was introduced 
between trials, during which time the animals were fed tlie rations to 
be tested during the following period . This preliminary period served 
to accustom the animals to the new feed and also to remove any 
residue of the preceding ration which might remain in the rumen or 
reticulum. 

Each trial was begun at approximately 8 a. m. when the animals 
were given their morning feed. The number of jaw movements was 
recorded by means of mechanical counters and the time taken was 
noted. This process was repeated about 4 p. m., when the evening 
feed was offered. During the remainder of the 24-hour period the 
steers were under constant surveillance, and the time, number of 
chews, number of boluses regurgitated, and the number of chews 
per bolus during the entire daily rumination were recorded. Each 
trial was continued for 48 consecutive hours, and the data presented 
represent, in each case, an average of two 24-hour periods. 

OBSERVATIONS 

In general, as the finer hay was fed the number of chews taken for 
mastication was reduced in all the animals regardless of age (table 1). 
There was no apparent difference in the amount of mastication re- 
quired for the long and the coarsely cut hay in the case of the young- 
est steer (A). Steer D did not relish the ground hay and minced 
about while eating, which would account for the increased number of 
jaw movements taken for the mastication of this material. All of the 
animals took more chews in the mastication of ground corn than 
shelled corn. The number of chews per unit weight of feed decreased 
as the age of the animal and the amount of feed consumed increased. 

The total time spent by each steer in the mastication of the different 
rations (fig. 2) varied directly with the total number of chews made. 
When the time required per unit of feed was calculated it was apparent 
that the younger animals (A and E) spent more time in masticating 
their feed than the older animals (B and D). The percent of the daily 
time spent in mastication varied from 4.3 to ILO depending on the 
fineness of the material eaten. In the case of the various roughages, 
the amount of time decreased as the size of the particles decreased. 
The reverse was true in the case of the corn, shelled corn requiring less 
time for mastication than did ground corn. The only obvious reason 
for the discrepancy in the time required for the mastication of whole 
alfalfa when fed alone and in combination with the concentrates is the 
fact that on the higher plane of nutrition the appetites of the animals 
were keener. The rate of chewing was variable but could not be 
correlated with the physical condition of the feed. 
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Figuei; 2 —Total time spent by steers in masticating, ruminating, and resting during a 24-bour period. 
Age of animals: A, 17 to 28 months; B, 22 to 33; J>, 31 to 42; and E, 28 months 
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Table L -Effect of rarious methods of preparation of alfalfa hay and of (pdndiiig 
corn on mastijnitw^^^ 


[Data arc for two 24-lioiir pcrio«ly] 


ALFALFA HAY 


steer 

Age 

Quantity and preparation of ration 

Ma.sti cation 

Chews 

Chews 

per 

pound 

Total 

t;ime 

O'itne 

per 

poimd 

Portion 
of day 
spent 
in mas- 
tication 

Chews 

,r>er 

niiiuite 


Months 


Number 

Number 

Minutes 

Minutes 

Percent 

Number 



fS.S pounds whole alfalfa 

10, 298 

1, 170 

141 

16. 0 

9.8 

73 


1 

[8.8 pounds 2-incli cut alfalfa. 

10, 680 

1,214 

143 

16. 3 

9.9 

76 

A 

] IQ 

f8.8 pounds M-inch cut alfalfa 

6, 737 

766 

99 

11. 3 

6. 9 

68 


t 

\8.8 pounds ground alfalfa 

5, 609 

637 

76 

8.6 

5.3 

74 



fl3.2 pounds whole alfalfa 

13, 085 

991 

159 

12. 0 

11.0 

82 

T> 

i 

\ 13.2 pounds 2-inch cut alfalfa 

10,280 

779 

121 

9.2 

8.4 

85 

Jo 

1 

f 13. 2 pounds K-inch cut alfalfa 

6, 182 

468 

84 

6.4 

6.8 

74 


1 

\13.2 pounds ground alfalfa 

4, 556 

345 

62 

4.7 

4.3 

73 



/15.4 pounds whole alfalfa 

13, 935 

905 

158 

10. 3 

11.0 

88 


! 31 

115.4 pounds 2-mch cut alfalfa 

9,824 

638 

126 

8.2 

8.8 

78 

D 


ri5.4 pounds H-inch cut alfalfa 

7, 060 

458 

90 

5. g 

6. 3 

78 


1 33 

115.4 pounds ground alfalfa 

8, 330 

541 

96 

6.2 

6.7 

87 


GROUND CORN 




[3 pounds whole alfalfa 

1,723 

574 

26 

8.7 

1.8 

66 


28 

{2 pounds protein supplement, 9 









[ pounds shelled corn 

2,031 

185 

2(i 

2.4 

1.8 

78 



3 pounds whole alfalfa 

2, 054 

685 

28 

9. 3 

1.9 

73 


28 

{2 pounds protein supplement, 9 









[ pounds ground corn 

2, 667 

242 

36 

3.3 

2.5 

74 



14 pounds whole alfalfa 

2,643 

661 

35 

8.8 

2.4 

76 


36 

<2 pounds protein supplement, 12 









1 pounds shelled corn 

1,721 

123 

20 

1.4 

3.4 

86 



(4 pounds whole alfalfa 

2,423 

606 

32 

8.0 

2.2 

76 


36 

\2 pounds protein supplement, 12 









i pounds ground corn 

2,232 

159 

25 

1.8 

1.7 

89 



/2 pounds protein supplement, 14 









i pounds shelled corn 

1, 872 

117 

22 

1.4 

1. 5 

85 



16 pounds whole alfalfa 

2, 719 

644 

38 

7.6 

2.6 

72 


42 

^2 pounds protein supplement, 16 









t pounds shelled corn 

2,429 

143 

30 

1.8 

2. 1 

81 

D * 


(5 pounds whole alfalfa 

2,850 

670 

39 

7.8 

2.7 

73 


42 

<2 pounds protein supplement, 15 









[ pounds ground corn 

3, 169 

186 

36 

2. 1 : 

2. 5 

88 


42 

f2 pounds protein supplement, 18 









\ pounds shelled corn 

3, 012 

161 

37 

1.9 

2.6 

81 



14 pounds whole alfalfa — - 

3,653 

913 

53 

13.2 

3,7 

60 


28 

•{2 pounds protein supplement, 12 









{ pounds shelled corn.... 

2, 202 

157 

33 

2.4 

2.3 

' 67' 

E ' < 


{4 pounds whole alfalfa,-, 

3,987 

997 1 

61 1 

12. 7 

3. 6 

, 78 


28 

<2 pounds protein supplement, 12 









[ pounds ground corn, _ 

3, 400 

243 

42 

3.0 

, 2. 9 

81; 


28 

/2 pounds protein supplement, 14 









\ pounds shelled corn _ - 

2,699 

169 

36 

2.8 

. 2.6 

■ 76 


The effects of processing feed on rumination are presented in table 
2. Cutting the alfalfa into lengths as short as one-fourth inch had 
no marked effect on the number of chews, the time taken for riimina- 
tion (fig, 2), the number of periods this time was divided into (fig. 3), 
the number of boluses regurgitated, or the nuinber of chews made and 
the time spent on each bolus. However, grinding the hay reduced the 
number of chews and the time required for rumination and this 
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reduced the ruiniber of chows made per pound of feed. The daily 
time spent in riiniiiiation of the whole and cut hays averaged approxi- 
mately 29 percent, wliile in the case of the ground hay^ this was reduced 
to 19 percent. The youngest animal (A) evidenced a slight reduction 
in the number of chews and the time required for rumination on the 



Figure 3.— Distribution of periods of mastication, rumination, and rest of steers over a 48-hour period 
Age of animals: A, 17 to 19 months; B, 22 to 24 months; and D, 31 to 33 months, 

finely cut hay, but these differences were small and could only be 
regarded as an indication. 

The mixed rations (5, 6, and 7) required fewer chews and less time 
for rumination (table 2) than the rations consisting of hay alone. 
The differences due to grinding the com were not very consistent, 
but when the data from all the steers were averaged no effect was 
demonstrated. However, the removal of the^ roughage from the 
ration reduced the rumination process to a minimum a, s measured 
by the time and the number of chews taken. 



(Pata are for two 24-hour periods] 
ALFALFA HAY 
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I 28 I 2 pounds protein supplement, 14 pounds shelled com. _ I 2, j 133 
Several regurgitations before bolus was swallowed. 
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The total number of boluses regurgitated, the number of chews, 
and the time spent on each bolus were practically the same when the 
rations consisted of cut hays or whole hay, but when ground hay or 
the mixed rations were fed, these indices wei'e greatly reduced, with 
the exception that the time spent on each bolus was fairly constant 
on all the rations. Feeding a ration devoid of roughage resulted in a 
minimum number of boluses being regurgitated and a slight reduction 
in the number of chews per bolus as compared to the other mixed 
rations. A peculiar observation was made when the animals were 



riGXJRE 4.'-‘Distribxitioii of periods of mastication, rumination, and rest, and of feedings of steers over a 
48-hour period. Age of animals; A, 28 months; B, 33; D, 42; and E, 28 months. 

fed the finely ground hay and the mixed rations. Two or three, 
sometimes as many as six, boluses were regurgitated and remasticated 
before any of the material in the oral cavity was swallowed.^ 

The rumination process was divided into a number of periods scat- 
tered throughout the 24 hours (figs. 3 and 4). The processing of both 
roughage and concentrates had no apparent effect on the number or 
distribution of these periods, but it is obvious from the graphs that 
the length of these periods was reduced materially when ground hay 
or the mixed rations were fed. 

The rate of chewing was practically constant for the whole and cut 
hays and showed only a slight reduction on the ground alfalfa. How- 
ever, the rate on the mixed rations appeared to be slower than whe-* 
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ro'oglia.ge alone was fed, and this wa,s^ fiirtlior rediiC/od, l)y (lie eatire 
rcnioYa-l of tlio roughage from the ra.tion. 

DISCUSSION 

The object of the mastication of feed is apparently twofold—the 
comminution of the feed particles and the incorporation of the saliva 
in the feed. These two processes occur simultaneously and which of 
them is predominant depends upon several factors. One of the more 
important of these factors is the physical condition of the feed. In 
every case except that of Steer A the data show a reduction in the 
number of chews per pound of feed required for the mastication of 
alfalfa as the particles became smaller. An average of approximately 
twice as many chews were made on the whole alfalfa as on the ground 
alfalfa. This would naturally be expected since coniminution of the 
feed must necessarily have been more important in preparing the 
whole hay for deglutition than the ground hay. It was actually ob- 
served when whole hay was fed that prehension was much slower and 
the chewing more vigorous and deliberate than when the processed 
hays were eaten. An average of approximately four times as many 
chews were made in masticating a pound of whole alfalfa as were 
necessary for a pound of whole shelled corn and protein supplement, 
while the number of chew^s required for ground corn was approximately 
25 percent greater than for shelled corn. 

All of the observed results may be explained on the basis of the 
primary object of the mastication of the various rations. When the 
comminution process was the primary object, as in the case of the 
whole hay, the maximum number of chews per unit of feed resulted. 
The insalivation process, taking place simultaneously, w^as not a 
limiting factor in the time or number of chews required. As the hay 
was processed to reduce the size of particles, the comminution process 
required less time and energy, and therefore the time and the number 
of chews were reduced. This was true within certain limits. Wlien 
the hay was finely ground the insalivation process had attained pre- 
dominance, and the time and energy requhed were apparently de- 
pendent upon this factor. 

When shelled corn was fed, prehension was extremely rapid and the 
corn was swallowed as soon as it was sufficiently covered with saliva 
to allow easy deglutition. Apparently the reduction in the size of 
particles wms not a factor of major importance in the mastication of 
this material. This w^as also true in the case of ground corn, and it 
appears as though the increased number of chews can only be ex- 
plained on the basis of the difficulty of insalivation. Shelled corn 
kernels, protected by their outer coating high in fiber, are not capable 
of absorbing as much saliva as the soft, starchy endosperm which is 
exposed by the ground corn. Therefore, it is apparent that it will be 
more difficult to prepare the groimd corn for deglutition, and this 
explains the increased number of chews and length of time required. 

The age of the animal would seem to affect mastication. The 
younger animals took more chews per unit weight of feed than the 
older steers. 

Other^ factors which probably affect the mastication process are 
nietabolic rate, general physical condition, and appetite. It is always 
difficult to measure such factors and evaluate their effects, but some 
.x.v.ication of their collective effect exists in the data presented. When 
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the animals were on the higher plane of nutrition of the mixed rations 
they were in better general physical condition, gained in body weight, 
and had much keener appetities than when the ration consisted of 
alfalfa hay alone. The animals spent less time and made fewer chews 
in the mastication of the mixed ration in spite of the fact that they 
actually consumed more total feed. Just how much of this effect 
can be attributed to the factors mentioned is difficult to say, but it 
seems plausible at least to assume that they played some part in the 
change. 

The most important factor in the amount of rumination observed 
in the steers was the quantity of roughage in the ration. Wlien 
rations composed of corn, protein, and hay were fed the number of 
chews during rumination was approximately 60 percent fewer than 
when alfalfa was fed alone. This decrease occurred in spite of the 
fact that the mixed rations contained more pounds of feed than were 
fed as alfalfa alone. The removal of all roughage from the ration 
reduced the amount of rumination to a minimum, which wms approxi- 
mately 45 to 50 percent of that occurring on the mixed ration and 
approximately 15 percent of that on the rations of whole or cut hay. 
When the ration contained no roughage rumination was slow and 
listless and had the appearance of &ing done from an inherent im- 
pulse rather than from any desire or necessity. No ill effects were 
noted on the general health or appetite of the animals when the ration 
consisted of corn and protein supplement for a period of 2 weeks. 

Cutting hay had no effect on the amount of rumination. Since the 
comminution of the feed particles is usually considered a major object 
of rumination, it would appear that the differences in the particle size 
had been minimized by the differences in the amounts of mastication 
already noted on the different hays. Another possibility is the reduc- 
tion of the particles in the rumen due to such processes as maceration 
caused by the motility of the rumen walls, bacterial fermentation, or 
chemical reactions, which undoubtedly occur continuously. The 
feeding of ground hay resulted in a 40-percent reduction in rumina- 
tion. It appeared from observation that reinsalivatioii was the pre- 
dominant factor since the chewing was not vigorous and several boluses 
were regurgitated before deglutition occurred. 

Grinding shelled corn had no apparent effect on the amount of 
rumination. 

SUMMARY AND CONCLUSIONS 

From the results obtained, it would appear that cutting hay for 
steers might conserve some metabolizable energy because of a reduc- 
tion in the energy required for mastication, but no economy was 
effected because of a reduction in rumination. 

Ground hay required less work for both mastication and rumination. 

No economy of metabolizable energy was apparent from a decrease 
in rumination when shelled corn was ground, and grinding actually 
increased the work required for mastication. 

An important factor in the amount of mastication and rumination 
required on the rations studied was the proportion of grain and 
roughage in the ration, 

Mastication required from 1.4 to 11.0 percent and rumination 
required from 4.5 to 36.4 percent of the daily time, depending on the 
ration. 




RELATION OF WATER-SOAKED TISSUES TO INFECTION 
BY BACTERIUM ANGULATUM AND BACT. TABACUM 
AND OTHER ORGANISMS ' 

By James Johnson 

Professor of horticulturey University of Wisconsiny and agent, Division of Tobacco 
and Plant Nutrition, Bureau of Plant Industry, United States. Department of 
Agriculture 

INTRODUCTION 

The epidemiology of certain leaf spot diseases of tobacco and other 
plants is still the subject of much speculation, even though distinct 
advances in the knowledge of the subject have been made in recent 
years. Blackfire or angular leaf spot of tobacco, caused by Bacterium 
angulatumJ^Tomme and Murray, is, for example, a widespread and 
often a serious disease of this crop. Nevertheless, artificial inoculation 
with this pathogen under ordinarily favorable conditions of environ- 
ment for infection with many parasites either fails to produce any 
symptoms, or, at most, produces only small incipient lesions not 
comparable to the severe necrosis which often develops under field 
conditions. This situation remained obscure until recently, when 
it was shown by Clayton {SY that the highly necrotic or ^^epidemic^^ 
form of wildfire {Bact. tabacum Wolf and Foster) and blackfire is 
dependent upon the tissues becoming water-soaked by rain followed by 
the infection of these areas by the pathogen. The water-soaking 
explanation of infection, as contrasted with the older conception of 
leaf wounding by rain as a predisposing factor, marked a distinct step 
in the understanding of certain diseases of tobacco, particularly the 
blackfire disease. The experimental method in the present investiga- 
tion differs from that used by Clayton in that water soaking was 
induced by internal rather than externa] water pressure. 

The demonstration of the relation of water-soaked tissues to 
infection by organisms and development of disease now presents new 
problems on the nature of parasitism and of predisposition and 
susceptibility of plants to disease. In a practical sense, it also raises 
questions as to the reliance that can be placed on certain types of 
control measures such as sanitation and eradication. It will be shown 
in this paper, for example, that water soaking permits infection of 
normally immune plant species with various bacterial pathogens, 
and to some degree with bacteria which are not normally pathogenic. 
The determination of the host range of an organism, and even the 
definition of parasitism, may become difficult under such circumstances. 

METHODS AND MATERIALS 

The chief modification of method used in the present studies beyond 
those commonly employed or previously described consisted essentially 
of water soaking the plant tissues by means of the application of a high 
water pressure to the root system or the cut stem end of plants. The 
principle involved was perhaps first used by De Bary, and has been 

1 Beceived for pablication May 24, 1937; issued November 1937. Cooperative investigatioris of the Wis- 
consin Agricultural, Experiment Station and the Division of Tobacco and Plant Nutrition, Bureau of 
Plant Intetry, XJ. S, Department of Agriculture. 

2 Eeference is made by number (italic) to Diterature Cited, p. 618. 
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frequently employed since in physiological inyestigations. The 
apparatus as used in tliis laboratory was briefly described in 1924 in 
connection with plant virus studies (6).^ This equipment consisted 
essentially^- of a brass container connection to the pipe line of an 
ordinary water supply under pressure, together with the necessary 
valves and drain. This container is fitted with a neck to hold a 
no. 4 rubber stopper, which is securely held in j^lace by means of a 
packing box similar to that used around valve stems. Rubber stoppers 
with holes of difl:erent sizes were made to hold plant stems of different 
sizes. These stoppers may be split down one side, so as to slip readily 
around the stem of the plants. A split brass washer on the top of 
the stopper permits the packing-box nut to be screwed down sufficiently 
by hand without displacement of the stopper. The contact around 
the plant stem may be quickly and almost perfectly made in this 
manner and will stand 100 pounds of water pressure without leaks 

(fig- !)• 

The soil was washed off the roots before the root system was placed, 
under pressure. If desired, the root system need not be used, the cut 
end of the stems only being placed under pressure. Water soaking in 
some plants starts very ciuiekly, and may cover 50 to 100 percent of the 
leaf area in 15 minutes. With other species or with individual plants 
30 to 60 minutes of exposure may be required to secure a limited 
amount of water soaking. After the plants were water-soaked to the 
desired degree, they were atomized with a water suspeiision of the 
organism to be tested, then removed from the apparatus and the roots 
or stem ends placed in a flask of water. The plants were then placed in 
a chamber with a moisture-saturated atmosphere, where the water- 
soaked conditions could often be maintained for several days if desired. 
Evident symptoms usually developed after 18 to 48 hours in the moist 
chamber, but in cases of uncertain infection or none the plants were 
left in the moist chamber for as long as 4 days. 

Tomatoes {Lyeopersicum esculentum Mill.) were frequently used as 
the test plant for parasitism because of the ease with which they were 
handled and water-soaked, but tobacco was used regularly, particu- 
larly in connection with the symptom studies on the blackfire and wild- 
fire organisms. Aside from species of Solanaceae, the other plants used 
were usually chosen at random from species available at the time in the 
greenhouse or garden. 

The organisms used in the experiments were secured from autliori- 
tative sources, largely from workers actively engaged in studies of the 
organism in the Departments of Plant Pathology or Agricultural Bac- 
teriology at the University of Wisconsin.^ 

EXPERIMENTAL RESULTS 

The infection experiments have been conducted for the most part 
without any special consideration to tobacco (Nicotiana tahacum L.) as 
the typical host to Bacterium angulatum. It may be recalled that 
Bad. taJacum, the causal organism of wildfire, was reported as possess- 
ing a wide host range (8) but that according to Clayton (k) only species 
oi Nicotiana should be regpded as true hosts. Since the close relation- 
ship of Bad. tahacum and Bad. angulatum has come to be accepted 

3 Thanks are due to several associates for furmshtng these oultures, and especially to A. J. Braun, who 
mamtained suitable cultures of Bacterium BaU. tabucum for these studies. 
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Figure 1.— The eauipment used for water soaKing plant tissijes oy means ox a axsxi wauei 
root system or cut stems of plants. The packing-box nut holding the split rubber stopper is shown at 
the base of the stem. 


26445—37—4. 
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(ij 9)] and tlie relation of water soaking to infection has been estab“ 
lished, the host range of one or both of these organisms will no doubt 
need reconsideration. If we should limit the true hosts to those only 
on which infection may be secured artificially by ordinary spraying 
inoculation, together with those w^hich are found to be infected under 
natural conditions, we should even then possibly need to consider the 
true hosts of Bad. a/ngulatum and Bact. tabacum as extending beyond 
the genus Nicoiiana. Manifestly, the influence of both the internal 
and external water relations of the host may be considered in host- 
range determinations. 

INFECTION WITH BACTERIUM ANGULATUM WITHOUT WATER SOAKING 

Some of the conditions aside from external environment which favor 
infection of tobacco with Bacierium angulaium have been frequently 
suggested, among these being the nutritional balance and height of 
topping of the crop (4)? but these factors according to Clayton are 
not clearly separable from the modified susceptibility of the plants to 
water soaldng (S). 

The writer’s experiments, first carried on with Nicoiiana tahacum 
(var, Wisconsin Havana Seed) under greenhouse conditions and with- 
out water-soaked tissues, were often made unreliable because of the 
failure to secure infection in sufficient degree to forpa a satisfactory 
basis for interpretation of results. N. tahacum is relatively very resist- 
ant to Bacterium angulaium as compared with N. glutinosa L. (fig. 2). 
For example, a group of 46 inoculations to tobacco under a wide range 
of temperature (10° to 40° C.) and relative humidity (50 to 100 per- 
cent) conditions yielded only 6 plants definite!}^ infected, whereas out 
of 54 N. glutinosa plants under the same conditions, 61 were definitely 
infected. It is significant that distinct infections on N. glutinosa were 
secured at both the temperature and humidity extremes, and that the 
atmospheric environment following spray inoculation on the whole 
appeared to play but a minor role in the amount of infection which 
developed. Pretreatment of N. tahacum for 12 hours or more in a 
humid atmosphere before inoculation was somewhat more reliable and 
effective in favoring infection than was the treatment after inoculation. 

Kepeated spray inoculations in the greenhouse to both Nicoiiana 
tahacum and W glutinosa on 27 soils (inclu cling soil from all tobacco- 
growing sections of the United States) differing widely in physical 
structure and chemical fertility yielded no results which could be defi- 
nitely correlated with soil type, soil fertility, or rate and vigor of gro wth 
of the host. In 10 trials performed at different times, however, it was 
fairly evident that certain 2 or 3 individual soils regularly yielded 
plants considerably more susceptible to infection than did other soils, 
the reason for which could not be determined. Still other modifica- 
tions, such as inoculation by wiping Bacterium angulaium oyoi Aio 
leaf surface with cheesecloth so as to break the trichomes, failed to 
yield good infection. The result of all experiments of this type in the 
absence of water soaking was the failure to secure at will the large 
angular or blotchy necrotic symptoms characteristic of heavy field 
infection on ordinary tobacco. However, good infection of tbe small 
necrotic or incipient type may be fairly easily secured on nearly all 
species of Nicoiiana {N. repanda is most resistant or immune) and on 
species of several other genera with Barf, angulaium in the absence of 
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water soaking. The following species in particular often yielded fair 
infection: Tomato {Lycopersicum esculenium Mill.), potato {Solanum 
tuberosum L.), pepper {Capsicum annuum L.) (fig. 3), jimsonweed 
(Datura stramonium L.), apple-of-Peru (Nicandra physaloides (L.)j 
JPers.), cucumber (Gucumis saiivus L.), and pokeweed {Phytolacca 
decandra L.). Other solanaceous species such as black nightshade 
{S. nigrum L.), eggplant {8. melongena L.), and physalis {Physalis 
pubescens L.) failed to yield even minute amounts of infection under 
the above experimental conditions. It is of some interest to note 



Figure 2, — Lesions of Bacterium angulatum on leaves {A), stems (B) and pods (<7) of Kicotiam gluiinomt 
resulting from spraying inoculation without water soaking. This species is more susceptible than N. 
tabacum, and was frequently used in the trials with ordinary inoculation methods. 


that the sterile hybrid of N, tabacum (resistant) XA?". glutinosa (sus- 
ceptible) is distinctly intermediate in reaction to Pact, angulatum. 

INFECTION WITH BACTERIUM TABACUM WITHOUT WATER SOAKING 

The accumulated experience and observation over a period of years 
indicates that Bacterium tabacum is a more virulent parasite than is 
Pact, angulatum, though admittedly comparative inorphological, 
physiological, and serological studies of the two organisms indicate 
their close relationship {!), The toxin-producing ability of Pact, 
tabacum is, of course, a major difference, and Clayton {S) has come to 
the conclusion from his water-soaking pperiments that this is the 
chief difference between the two organisms as far as infection and 
pathogenicity are concerned. 

Observations in the seedbed and in the field have led the writer to 
conclude that water soaking is by no means as essential for infection 
and severe expression of disease with Bacterium tahacum as with Pact, 
angulatum. Inoculation of tobacco in the greenhouse by mild spray- 
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ing lias also regularly sliown greater virulence in Bad. tahacum as 
measured by tlie number of infections which develop and the size of 
the necrotic area. In seeking further experimental proof of this differ- 
encej tobacco leaves were inoculated by gently wiping bacterial sus- 
pensions from cultures over the leaf surface with cheesecloth, thus 
breaking the leaf hairs and perhaps occasionally the cuticle. When 
inoculations are made in this manner Bad. tabacum yields heavy in- 
fection both as regards number of infections and subsequent necrosis, 
whereas Bad. angulaium yields little or none. Since it might be 
argued that the wildfire toxin from the culture, and not the bacteria, 
is responsible for the resultant symptoms, the bacteria were centri- 
fuged out of the suspension in three changes of water, thereby re- 
moving the toxin. Wiping inoculation with the bacteria alone, 
evidently free from perceptible amounts of toxin, yielded almost 
equally numerous though slower infections (fig. 4, ^4). ^ On the other 
hand, when the bacteria were removed by heat (the toxin according to 
Clayton (S) being thermostable) and the same method of inoculation 
employed, there were no symptoms of disease. 

These results seem to indicate that, given a favorable external 
environment of reasonable duration, especially as regards moisture, 
Bacterium tabacum is quite able to enter the cells through wounds, or 
to enter the stomata and produce lesions of considerable size; whereas 
Bad. angulaium fail completely to infect under like conditions. 
Furthermore, this greater virulence does not seem necessarily to be 
connected with the toxin-producing property of Bact. tabacum. It is 
by no means contended, however, that water soaking does not greatly 
facilitate infection and the^ rate of progress of Bad. tabacum in the 
tissues, resulting in extensive necrotic areas, though it seems clear 
from later experiments that the toxin itself is not of any particular 
advantage in causing such necroses of the tissues. 

WATER SOAKING WITH ARTIFICIAL INTERNAL WATER PRESSURE 

^ The physiology of water soaking of the intercellular spaces of |)lant 
tissues by water pressure is not sufficiently understood as yet to 
warmnt extensive discussion. Some species water-soak niU(‘li more 
readily than others, e. g., tomatoes much more readily than tobacco. 
Great differences in individual plants of one variety grown under like 
conditions may exist, and this difference seems to bear comparatively 
little relation to the vigor of the plant. A very stunted yellow and red 
slow-powing tomato, for example, may water-soak quite as easily 
as a larger, vigorous, rapidly growing plant. 

Tomatoes are the most convenient and most susceptible plants with 
which the writer has worked in infection trials on internally water- 
soaked tissues. For that reason they have invariably been used as 
control pknts when other species were inoculated to verify both the 
pathogenicity of the culture used and the favorableness of the subse- 
quent environment under which the plants were placed. Control 
tomato plants not water-soaked but inoculated v^ere also invariably 
used in each separate trial. 

The greatest interest in connection with Bacterimn angulatum 
naturally centers around ordinary tobacco as the host. Compara- 
tively young plants with 8 to 10 leaves but with somewhat elongated 
inteniodes (winch may be induced by crowding of plants on the bench) 
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Figure 3.— Lesions of Bacterium angulatum on pepper secured by ordinary inoculation metbods. Many 
other slightly susceptible hosts outside the Nicotianas have been demonstrated by the same method. 



Figure 4.~Inoculation of tobacco by the leaf-wiping method, using Bacterium tabacum centrifuged free 
from toxin (J.) and Bact. angulatum (B), The infective power of the former in the absence of water 
soaking is illustrated by the chlorotic areas resulting from numerous young infections. Spots on B are 
due to mechanical injury from wiping. 
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are most convenient for tlie equipment used. Twenty to forty 
minutes of water pressure was often I’equired to water-soak 50 percent 
or more of the leaf area. The upper leaves usually water-soak more 
quickly than the older basal leaves, and the intercellular spaces nearest 
the midrib commonly fill first. However, the soaking is by no means 
uniform ih the tobacco leaves, and the result is usually a wide variety 
of angles and patterns of varying sizes scattered over the leaf surface, 
winch when allowed to proceed to certain degrees often bears a marked 
resemblance to the shape and distribution of angular leaf spot disease 
as it often occurs under field conditions (fig. 5). 

If such water-soaked plants are taken out of the apparatus without 
inoculation and the roots or cut end of the stems placed in water at 
atmospheric pressure, transpiration at the lower humidities will 
rapidly remove the excess water in the leaves, but in a saturated 
atmosphere the water-soaked condition may remain up to 48 hours or 
more. The uninoculated recovered plants, even though kept under 
water pressure for 12 hours, show no sign of any physical internal or 
external injury to the tissues. The freedom from injury may be 
convincingly demonstrated by spraying water-soaked leaves of an Fi 
hybrid (Nicotiana tabacum X N. glutinosa) with the virus of ordinary 
tobacco mosaic. If lesions of microscopic size are present, ^ this host 
will develop marked necrotic lesions of virus infection. This absence 
of injury to the leaf surface by the internal water-pressure method has 
some advantages over the externally applied sprays from the point 
of view of illustrating the basic facts of infection. 

The plants were sprayed once or twice with a DeVilbiss atomizer 
while under pressure, then set into milk bottles or Erlenmeyer flasks 
in water sufficient to cover the root system or stem end and placed in 
a saturated humidity chamber at about 25^^ C. Exposure in this 
chamber for as short a duration as 3 hours was sufficient to yield 
subsequent infection with some organisms on the tomato, but ordi- 
narily the plants were left in the chamber until they showed signs of 
infection, which incubation usually required from 24 to 72 hours. 

INFECTION WITH BACTERIUM AN GULATUM IN WATER-SOAKED TISSUES 

Wlien tobacco leaves water-soaked by internal pressure are inocu- 
lated with Bacterium angulatum over the entire surface, the necrotic 
lesions resulting often correspond closely to the water-soaked areas, 
and are usually of the irregular and angular type, resembling natural 
field infection as it often occurs (fig, 6). The blackfire lesions on 
leaves that are 'water-soaked by spraying the leaf surface (externally 
applied, water pressure) more rarely show the sharply angular lesions, 
indicating the delimiting effect of the leaf veins on the lesion. No 
significance can as yet, however, be attached to this observation. 
Infections secured by the internal water-pressure method demonstrate 
m a convincing manner that the organisms enter through the stomata, 
in the absence of such cuticular wounding as may result from external 
sprays or storms. Clayton (S) suggests that the bacteria are shot 
directly into the stomata by the force of sprays or rain, and this is 
borne out in part by the fact that the careful dropping of water sus- 
pensions of the organism on the water-soaked area of the leaf is not as 
likely to yield infection as is light spraying. 
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Figure S.—A tobacco leaf from a plant water-soaked by tbe water-pressure method. The angular' and 
speckled character of the lighter colored water-soaked areas is shown. 
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Figure 6.— A leaf of tobacco sprayed with Bacterium angulatum following water soaking by the water 
pressure method. The necrotic spots correspond roughly to the water-soaked areas and resemble the 
"‘epidemic'^ type of blackfire. 
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Bacteriurn anguh^^ finding the water-filled stoinatal chambers 
and intercelliihir spa.ces suitable for growth, iniiltiplies rapidly and 
soon causes the cells to colla.pso, thus fornung large necrotic areas 
(fig. 7). This action of the bacteria results in the epidemic or field 


-Heavy water soaking of tobacco followed by spraying withBacferium angulatum and continued 
duration of high humidity results in alinost complete collapse of tbe leaves. 


type of symptoiiL as conti-as ted with the small or incipient type of 
lesion secured from inoculations without prior water soaking. The 
incipient lesions may, however, also arise from the pathogen's gaining 
a foothold in a water-soaked area of very small size. However, as 
Clayton {S) points out, for such lesions to develop, the water soaking 
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must be of sufficierit duration to permit the organism to gain a foot- 
hold. The writer has found considerable variation in the time required 
for infection to occur in different host species as well as in individual 
plants of the same variety. 

The greatly increased susceptibility of tobacco to Bacterium angu- 
latum by the water-soaking method led the writer to try this organism 
on other hosts similaiiy treated. The results were most striking and 
unusual in many respects. The tomato plant, for example, proved 
much more susceptible than tobacco to the blackfire organism, and 
the leaves often collapsed completely in 24 to 48 hours, along with parts 
of the leaf petioles and younger portions of the stem (figs. 8, 9). Other 



Figuee ^.—Badenum angiMlatumQTutviQ water-soaked tomatoes (U, BY, control plant (C) water-soaked but 

not inoculated. 


solanaceous plants tried, snob, as potato, eggplant, and datura, were 
not so markedly susceptible. On tbe other hand, when stUl other 
plants selected at random were used, it became clear that infection 
with Bad. angulatum by this method was not limited to genera or 
families but spread into a wide variety of unrelated families (fiss 


The following species in particular were strikingly infected, some 
a^ost as severely as the tomato: Kose {Rosa sp.), poinsettia (Euphor- 
bmpvlcherrima Willd.), locust (Robinia pseudo-acacia L.), golden flax 
{Linum jlavum), honeysuckle {Lonicera morrowi Gray), apple (Malus 
sylvestris Mill.), garden pea {Pisum saiivum L.), marigold (Tagetes 
pat%da Jj.), geranium {Geranium sp.), hemp {Cannabis sativa E), 
bean_ {Phaseolus mlgaris L.), ragweed {Amaranthus retrojlexus L.), 
English ivy (Hedera sp.), alfalfa {Medicago saliva L.), clover (Tri- 
folium pratense L.). Species on which infection was not secured with 
Bacterium angulatum included barley {Hordeum mlgare h.), com 
{Aea mays L.), cabbage {Brassica oleracea h.), stock {MaMhiola 
vncana R. Br.), buckwheat {Fagopyrum esculentum Moench), snap- 
OT^on {Antirrhinum majus L.), cactus (Zygocactus truncatus), lemon 
{Citrus sp.). Over one-half of the species selected at random from 
the garden and greenhouse were reJdily infected with Bad. angulatum 
when inoculations were made to water-soaked tissue. Inoculations 
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;gxtbe 9.— Typical lesions of Baderium anguMum on older water-soaked tomato leaf, which has not wholly 

collapsed. 
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Figure 10.— -Bacterium angulatum on water-soaked leaves of apple. A great variety of plants are 
equally susceptible after water soaking. 



Figure 11.— Bacterium angulatum on leaves of honeysuckle (Lonicera morrowi) (B, O; control leaf {A) 

water-soaked but not inoculated. 
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on leaves of these species when not water-soaked yielded no symptoms 
in this series of trials. 

INFECTION WITH BACTERIUM TABACUM IN WATER-SOAKED TISSUES 

As is well known, the artificial inoculation of tobacco with Bacterium 
tabacum on tissues that are not water-soaked yields results which are 
distinct from those secm'ed with Bact, angulatum. Under practically 
all expressions of the two diseases resulting from natural field infec- 
tion, it is also possible to recognize wildfire because at least some halos 
are invariably present, and the angular and frequently black lesions 
of black&e are characteristic. However, symptoms on tobacco from 
the two organisms on tissues artificially water-soaked by the internal 
pressure method are much less distinct and it becomes more difficult 
and sometimes impossible to separate them on the basis of symptoms. 

When tomatoes water-soaked by the internal-pressure method are 
inoculated with Bacterium tabacum, the symptoms are identical with 
those secured with Bact. angulatum. The leaf tissue collapses, turns 
black, and no typical halos are produced, although should the leaf 
tissue fail to collapse, some general yellowing of the water-soaked 
area may be visible. Presumably the cells are killed before the toxin 
has sufficient time to form and act on the surrounding tissue, and the 
host or conditions are not sufficiently favorable to support the con- 
tinued development of the organism and its toxin at the margins of 
the infected area. The advantage, if any, that the toxin furnishes to 
the parasitism of Bact. tabacum appears to be entirely absent in 
water-soaked tissues. The only difference that the writer has noted 
between the two organisms on tomato is the greater virulence of 
Bact. tabacum as indicated by the shorter duration of the water soaking 
required for the necrotic action to take place. Attenuated (1) strains 
of wildfire showing no toxin production are quite as virulent as are the 
normal strains. 

Inoculations with Bacterium tabacum were made on water-soaked 
leaves of the same species used in the Bact. angulatum infection trials 
described above. Kesults almost identical in symptom expression 
with those found in iho Bact. angulatum tests were secured in all 
instances, suggestmg again the great similarity and close relationship 
of these tw^o organisms. 

INFECTION WITH OTHER ORGANISMS IN WATER-SOAKED TISSUES 

The results with the blackfire and wildfire bacteria on water-soaked 
tissues can hardly be subject to sound interpretation without giving 
some consideration to the behavior of other plant parasites, or even 
saprophytes, under similar circumstances. The field of investigation 
at once becomes too extensive to be adequately surveyed in a pre- 
liminary paper, but a limited number of trials has shown that Bac- 
terium angulatum and Bact. tabacum am not entirely unique in the 
above-described respects. 

The results with some of the other organisms used have not been so 
uniformly consistent as those with Bacterium. tahacwn arxA. Bact. 

perhaps for the reason that the tomato is not a favorable 
host plant. Some probability of contamination of inoculated test 
plants by other organisms, where the same incubation chamber is 
used simultaneously for different organisms, has also been encoun- 



Figure 12.— A water-soaked tomato leaf inoculated with Bacterium phaseolt The symptoms closely 
resemble those secured with Bact. angulatum and Bacf, iafeacttw, but the progress of necrosis is much 
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tered. Water-soaked iininoculated controls under these conditions 
have, howeyer, invariably been free from symptoms. Fifteen other 
bacteria and two fungi have been tested, mostly in a limited way, 
especially on water-soaked tomatoes. Eight out of nine trials with 
Bad. phaseoli Smith on tomatoes gave definite and distinctive symp- 
toms. The symptoms were somewhat less severe and slower in 
developing, but were much like those secured with Bad. angulatum 
or Bad. tahacum (fig. 12). Infection was also secured with 
phaseoli on potato, hemp, alfalfa, and marigold, but not on tobacco. 
Bacillus carotovorus Jones collapsed water-soaked tomatoes rapidly 
with symptoms readily distinguishable from those previously noted. 
Bad. tumefaciens Smith and Townsend, Bad. pundulans Bryan, and 
Aplanobader insidiosum McC. yielded only small areas of blackened 



Eigure lZ.~Macrosporium solani on water-soaked tomato leaf (.4) and on leaf without water soaking (B). 


lesions of some uncertain character; Bad. stewarti Smith failed to give 
any signs of infection on tomato in three trials. 

Infection experiments with fungus parasites on water-soaked 
tissues have been very limited thus far. Infection with Macrosporium 
solani Ell. and Mart, and Septoria lycopersici Speg. on tomato was 
favored by water soaking before inoculation (fig. 13). The latter 
fungus also evidently attacked potato readily under these conditions. 
Less conclusive but more surprising were the results sometimes secured 
with common bacterial organisms not belonging in the category of 
plant parasites. Bacillus coli ^ (Escherich) Migula, Pseudomonas 
fluorescens (Flugge) Migula, B. radiohadar Berij. and ¥an Deld., 
B. ruber balticus L. and N., aerogenes KFiise, and Prdeus mlgaris 
Hauser produced mild necrotic areas on water-soaked tomatoes 

4 B. mli has previously been reported as attackingjplant tissue. See references in Elliott, Charlotte. 
Manual of Bacterial plant parasites. Williams and Wilkins Co., 1930. 
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(fig. 14). Other organisms, including B. prodigiosus (Ehren.) Flugge, 
B. subtilis (Ehren.) Cohn, and Staphylococcus aureus Rosenbach, 
failed to produce any symptoms on tomato under similar conditions. 
In the above group of saprophytes particularly the writer is not pre- 
pared to state that true infection was definitely secured, and it should 



IiQURB 14.— Slow and poorly developed necrosis on water-soaked tomato leaves resulting from inoculation 
with BacUius ruber balticus iA) md B,aerogenes iB), 


be noted here that in no single case in these preliminary trials have 
Koch's postulates been carried to completion. 

DISCUSSION OP RESULTS 

It is apparent from the results presented that the infection secured 
with Bacterium angulatum on water-soaked tissues of normally im- 
mune species cannot be regarded as a form of saprophytism. The 
species evidently must be susceptible to attack by certain organisms, 
since many other species and organisms fail to respond in a similar 
manner to water soaking. 
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Since large numbers of organisms have been uniformly applied over 
the water-soaked areas, we know as yet comparatively little about 
the rate and distance of the development of the organism through the 
tissues. It is most likely that the progress from any one point of 
infection is comparatively localized, and it is obvious that the progress 
of the organism is hmited by the area and the duration of the water 
soaking. The evidence taken altogether therefore goes to show that 
Bacterium angulatum is a comparatively weak parasite, and, as 
pointed out earlier by the writer (5), the significance of water soaking 
to infection is likely to be greatest with the less virulent parasites or 
the relatively more resistant hosts. It is perhaps of little consequence 
where the boundaries of the parasitism of organisms or the lines of 
immunity of the hosts are theoretically drawn. This subject resolves 
itself eventually into a matter of definition. It is significant, how- 
ever, that these preliminary experiments suggest that a wide variety 
of normally immune host species may under some circumstances be 
temporary hosts in nature to Bad, angulatum,, Bad. tabacum, and 
other organisms, thereby harboring them in such a manner that even 
the most thdrough measures of sanitation and eradication of other 
known sources of infection may not suffice. Although there is reason 
to believe that the bacteria in question may persist in such host tissue 
in a dormant condition for a considerable time (7), the proof of this 
relation remains to be established. It is also possible that many of 
our so-called nonparasitic leaf spots in nature may be caused by 
organisms capable of infecting only water-soaked tissue. Isolates from 
such diseased tissue would naturally fail to give infection upon 
reinoculation by ordinary methods, and thus lead to erroneous con- 
clusions, as suggested by Clayton (3) for the so-called nonparasitic 
blackfire described by Valleau (10). 

It is beheved that the experimental method of internal water soaking, 
as described, along with the external method of water soaking as 
used by Clayton (§), may have a wide application in furthering the 
present understanding of infection and progress of disease in plants. 
It is not unlil^ely that in nature a combination of both external and 
internal water pressure plays a role in predisposition to disease. It 
follows that more careful observations of water soaking as it occurs in 
nature, both as a result of beating rain (3) and root pressure {5), 
should be more generally made in relation to the epidemiology of 
plant diseases. 

SUMMARY 

The intercellular spaces of tobacco and other plant species were 
water-soaked by applying water pressure to the root system or cut 
stems, after which they were inoculated with Bacterium angulatum 
and other organisms. - ^ 

Tobacco is normally very resistant to infection with Bacterium 
angulatum, hui when tissues are water soaked, either by external or 
internal application of water pressure, and this condition is of suffi- 
cient duration, the tissues become very susceptible to the organism. 
No other set of environmental conditions for infection brought about 
the severe or ^^epidemic^’ type of this disease. 

It is shown that this situation is not peculiar to tobacco or to 
Bacterium angulatum and Bad. tabacum. A wide variety of plant 
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species becomes equally susceptible to attack by these same or- 
ganisms when the tissues are water-soaked. Excellent necrosis was 
secured on such plants as tomato, alfalfa, bean, pea, hemp, rose, 
apple, locust, flax, marigold, and poinsettia. These plants are nor- 
mally iinmiine to infection wdtli these organisms. Other plant 
species tried were immune in the water-soaked condition. 

Other plant parasites, such as Bacteriwn phaseoli, not normally 
capable of afl'ecting tomato, for example, are capable of causing 
necrosis when inoculated into water-soaked tissues of this plant. 
A small amount of necrotic action w^as also secured on water-soaked 
tomatoes sprayed wdth such saprophytic species as Bacillus coli. 

So far as can be determined, water soaking by the internal water- 
pressure method does not wound or injure the tissues, showing 
rather conclusively that the bacteria enter through the stomata, and 
that cuticular or epidemial wounding caused by rainstorms is not a 
fundamentally necessary condition for heavy field infection with 
Bacterium angulaium and Bact. tabacum as was previously supposed. 

Modifications in the present conception of parasitism and immunity 
as regards definition of the terms are suggested by the results secured 
with water-soaked tissues. It is also likely that the results may have 
some practical bearing upon our present understanding of the sources 
of overwintering of certain plant parasites, and hence may modify 
the present theories of applying sanitary and eradication measures 
of disease control. 
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EFFECT OF SPECIES OF HOST PLANT ON NITROGEN 
FIXATION IN MELILOTUS 1 


By P. W. Wilson, 'professor oj agricultural bacteriology ^ J. G. Burton, 

research assistant, and V. S. Bond, research assistant, Wisconsin Agricultural 

Experiment Station 

INTRODUCTION 

Early investigators of symbiotic nitrogen fixation believed that if the 
organisms invaded the plant and formed nodules there would be ade- 
quate fixation of elemental nitrogen, but later work showed this concept 
to be partly in error. Experiments in the controlled environment of 
the greenhouse and in the field yielded conclusive evidence that differ- 
ent strains of the bacteria benefit the host plant in varying degrees. 
By ^^strain^' is meant any pure culture of the root nodule bacteria. 
In the course of many investigations there was observed a certain 
relation of bacteria and plant which is called host plant specificity. 
For example, an organism from vetch may be more beneficial to this 
plant than an organism from pea, although both strains will form 
nodules on the vetch. Here two genera are concerned, but in certain 
genera, notably in species and even varietal differences of response 

to invasion by a given strain of the proper species of bacteria have been 
reported. As the older work on strain variation and host plant speci- 
ficity has been discussed by Fred et al. (4),^ and by Allen and Baldwin 
(1), only a few of the more recent investigations will be reviewed. 

Bjalfve {£) found differential varietal response among the vetches 
as to number and position of the nodules and quantity of nitrogen 
fixed. Virtanen (S) states that the most suitable strain of organism 
for one variety of peas is likewise the best for other varieties. He used 
only two strains of the pea organism; hence his observation may be 
true only for these two strains. 

Examination of the literature reveals that most of the knowledge 
concerned with host-plant specificity has resulted from incidental 
observations in experiments made primarily to study strain variation 
among the bacteria. Few experiments are recorded in which the 
object has been to investigate specifically the possible role of the host 
in conditioning this variation in the organism. Because of the obvious 
importance and need of such studies, experiments have been conducted 
at this station for the past 3 years concerned with the specific problem 
of the influence of the host plant in the symbiosis. In this report are 
given the results of nitrogen-fixation tests on different species of 
Melilotus when inoculated with pure-culture strains of Rhizobium 
meliloti. 

EXPERIMENTAL TECHNIQUE 

Ten plants of different species of sweetclover were grown in half- 
gallon earthenware jars containing 2 kg of nitrogen-poor pit sand into 
which was inserted a watering tube. The methods for sterilization 
of seed and sand are given in previous publications (5, 10). The plants 
were watered as needed with sterile, distilled water and once a week 

1 Received for publication May 3, 1937; issued November, 1937. Herman Frascli Foundation in Agri- 
cultural Cbemistry, Paper no, 138. Contribution from the Departments of Agricultural Bacteriology and 
Agricultural Chemistry, University of Wisconsin. Technical assistance on this problem was supplied in 
part by workers employed in the University’s Works Progress Administration Natural Science Project. 

2 Reference is made by number (italic) to Literature Cited, p. 629. 
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with sterile, nitrogen-free Crone’s solution (4)- In order to prevent 
contamination with foreign strains of the organism, the plants were 
protected by special chambers. These were made by covering a light 
wooden framework with a transparent rubber product called '^Pliofilm.” 
All jars inoculated with the same sti'ain of bacteria were placed under 
the same chamber on low wooden trays mounted on rollers. The 
top of the chamber was hinged to facilitate the addition of water or 
nutrient solution. The elficacy of the method was demonstrated 
by the fact that uninoculated controls were thus kept free from nodules, 
although similar uncovered controls almost invariably became inocu- 
lated with stray organisms from the air. The trays bearing the jars 
were moved daily on the greenhouse bench so that variation arising 
from position in the greenhouse would be largely eliminated. When 
the growth of any of the plants was hindered by the light chamber, 
all were removed and the sand of each pot was covered with a thin 
layer of sterile cork. The cultures were usually 6 to 8 weeks under the 
light chambers and 2 to 3 weeks in the open air. At harvest the plants 
were washed free of sand and dry weight and total nitrogen determina- 
tions were made. 

The species ® of Melilotus used in these experiments were: 

Melilotus alba (Hiibam). — An annual -flowering white sweet clover (commercial 
seed). 

Melilotus alba (32-19) . — A tall late-flowering biennial from a single plant. 

Melilotus suaveolem (F. P. 1. 40937). — Pedfield Yellow, a biennial developed at 
South Dakota. 

Melilotus officinalis (Y-32~45). — Common yellow sweetclover. Biennial grown 
at this station for 20 years. 

Melilotus officinalis (Y-33~33). — A fine-stemmed selection of yellow sweetclover. 

Melilotus dentata (33-49). — ■Selection of nonbitter sweetclover from a single 
plant. Original seed was an annual from Peiping, China. 

Melilotus dentata (Ac 91-92). — Selection from single plant grown in Wisconsin, 
Original seed collected in vicinity of Saratov, Union of Soviet Socialist Pepublics, 
Biennial. 

Melilotus dentata (Ac 92-27). — Selection from single plant grown in Wisconsin. 
Original seed collected in West Siberia, Union of Soviet Socialist Republics. Biennial. 

Melilotus dentata (Ac 96-2). — Selection from single plant grown in Wisconsin. 
Original seed from Busk, Poland. 

The strains of Bhizohium meliloti used for artificial inoculation of the 
plants were: 

No. 100 — ^isolated in 1912 from Farmogerm alfalfa culture, a conamercial inocii- 
lant. 

No. 101 — isolated in 1915 from United States Department of Agriculture alfalfa 
culture. 

N 0 . 105 — isolated from nodule of alfalfa plant at Wisconsin, 1 916. 

No. 107 — isolated from alfalfa culture of H. K. Mulford Co. in 1919. 

No. 110 — sweetclover cultures obtained from Illinois (Hansen). 

No. Ill — ■sweetclover culture from University of Illinois. 

No. 113 — 'isolated from sweetclover plant, University of Wisconsin, 1922. 

No. 115 — isolated from sweetclover plant, University of Wisconsin, 1922. 

No. 128— isolated from nodule of bur-clover at Wisconsin in 1928. 

No. 129-^like 128 but separable by difference in electrophoretic property . 

Since isolation the bacteria strains have been cultivated on artificial 
agar media (4), transferred monthly, and stored in an ice box. 

EXPERIMENTAL DATA 

Experiment 1 (Oct. 15, 1934, to Jan. 4, 1935) was a preliminary 
experiment in which 10 strains of the organism were used for inocula- 
tion of 3 s pecies (2 varieties of 2 of the species) of Mdilotus. The 

3 The authors express their appreciatiou to Prof. B. A. Brink, of the Department of Genetics, for the seed 
used in these experiments. 
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greenhouse was not provided with artificial illumination, and the 
plants were not protected with the light chambers. The experiment 
was started on October 15, 1934, and growth was satisfactory for the 
first 6 weeks. During the latter part of the experiment the develop- 
ment of the plants was very poor because of insufiicient illumination. 
After 81 days harvest was made; the plants (triplicate jars) of each 
species (or variety) inoculated with the same same strain of bacteria 
were combined for analysis. The data are summarized in table 1. 

Table 1. — Growth and nitrogen fixation hy different species and strains of Melilotus 
in association with various strains of Rhizohium Meliloti in experiments 1 to 3 


EXPERIMENT li 


Eh. meli- 
toti strain 
no. 

M. alba 
(Hubam) 

M. alba 
(32-19) 

M. officinalis 
(32-45) 

M. officinalis 
(33-33) 

M. dentata 
(33-49) 

M. suaveolens 

Total 

ni- 

trogen 

Dry 

weight 

Total 

nitro- 

gen 

Dry 

weight 

Total 

nitro- 

gen 

1 Dry 
weight 

Total 

nitro- 

gen 

1 

Dry 

weight 

I 

Total 

nitro- 

gen 

Dry 

weight 

Total 

nitro- 

gen 

Dry 

weight 

Total 
nitro- 
gen 1 

! 

100 - 

101 

105 

107 

no 

111 

113 

115 

128 

129 

Grams 
1. 23 
1.02 
: .85 

.98 
.89 
.98 
.96 
.94 
.98 
! ,99 

i 

Mili- 

grams 

34.3 
33.2 

28.4 

29.5 

29.1 
26.8 
29.8 

30.1 
29. S 
27.4 

Grams 
\ 0.94 
1,13 
.95 
' .79 

.62 
i 1.00 
.95 
.77 
.86 ! 
.89 

Milli- 

grams 

34.9 

41.0 

36.9 

30.5 

24.0 
40.7 

37.6 

30.6 
30.6 
30.6 

Grams 
1.08 
1.02 
,62 
1,12 
.58 
1. 32 
,95 
1.20 
1,14 
1.07 

Milli- 

grams 

36.0 

35.2 
23.4 

43.0 
22.8 
48.9 

31.2 
45.8 
37,6 1 

37.2 : 
1 

Grams 
1. 18 
1.08 
.83 
.91 
.78 
1. 45 
.89 
1. 13 
1. 07 
.83 

MiUi- 

grams 

36.6 

32.3 
28.2 
32.8 
27,5 
50.0 

31.7 

40.8 

34.8 

24.4 * 

Gramsl 

\ , 

Milli- 

grams 

Grams' 
. 1. 15 

1 .47 

1 .45 

' .90 

.72 ^ 
1 35 
.82 

1 .80 
1.12 
i .85 

Milli- 

grams 

39.0 
15. 8 i 

14. 1 

33.2 

26.4 

47.5 

29.3 

29.1 

39. 1 
29.0 

Milli- 

grams 

180.8 

157.5 

131.0 

169.0 

129. 8 

213.9 

159.6 
176.4 

171.9 

148. 6 


EXPERIMENT 2 ^ 


100 

4. 35 

81.8 

2.92 

80.5 

3.68 

88.9 


1 

2.41 

54.5 

3. 20 

83,6 

389.3 

105 

3. 34 

75.0 

3.06 

74.6 

3. 15 1 

78.0 



.67 

12.2 

.82 

21.8 

261. 6 

no 

3.07 

70.5 

2. 93 

75.6 

3. 14 1 

80.0 1 



3.23 

68.0 

4.06 

92.5 

386. 6 

115 

3.27 

80.3 

2.43 

65.0 

3.38 i 

79.9 



3. 15 

73.0 

3.54 

90.6 

388.8 

128 

2.88 

71.0 

2.42 

65.4 

2.76 

80.0 



1.97 

44.5 

3.76 

97.5 

358,4 

!'■ 


EXPERIMENT 3 3 



/ 0. 64 

1 .71 

15.4 

16.4 



0.68 

.92 

17.6 

22.0 



0.64 

.72 

17.6 

20.6 

0. 61 
.68 

15,6 
19- 7 

}l44. 9 

} 71.3 

|ll7.0 

}l46.6 

|l23. 6 

100 ! 








15.9 




19.8 




19. 1 


1 17.7 










f .48 

1 .46 

13.4 

13.7 



.75 

.70 

13.1 

12.6 



.19 

.30 

3.2 

7.1 

1 ,.15 

‘ . 22 

3-4 

4.8 

105 

Average. - 










13.6 




12.8 




5.2 


. 4. 1 










( .98 

1 .48 

18.5 

9,0 



.53 

.87 

8.4 

11,3 



.84 

.80 

21. 6 
20.8 

1 ' .57 
.60 

13.8 

13.6 

Average... 










13.8 




9.8 




21.2 


13.7' 










f .79 

1 .68 

14. 7 

15. 5 



.67 

.67 

19.5 

19.5 



.80 

,93 

17.9 

25.4 

1.20 

1 .70 

1 13.7 

1 20.4 

115,..-. — 

Average-. 1 










15.1 

18.7 

13.7 


i ^ 


19. 5 




1 21.7 


17.1 

. 1 

1 9Q ' 

; .84 

1 .83 









. i 

.35 

.29 

9.4 1 

4.4 ! 



- .79 

17.6 

11.8 

.97 

.90 

23. 4 
24.6 

iJiO ■«-. 

Average.. 



.41 






16.2 




6.9 




14.7 


24. 0 

TotaL.. 











149. 0 

i 


1 


137.8 




163.6 


153. 0 











I Dry weigMs per 10 plants; each datum based on analysis of 25 to 30 plants, 

® Dry weights per 10 plants; each datum based on analysis of 30 plants. 

3 Dry weight per 10 plants; each datum based on analysis of 10 ptents. XJnderli ned values -mean of du- 
plicates. Differences necessary for significance: Between means, 4.32 mg; between totals of strains, 17.3 mg. 
Differences between totals of species not significant (see table 4). 
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On the basis of the results obtained in the preliminary experiment 
five strains of the organism were shosen for further study. These 
were used for inoculation of plants of four species. The test was 
carried on from April 2 to June 23, 1935 in a greenhouse especially 
designed for control of environment in nitrogen-fixation studies {10), 
and the light chambers were introduced to prevent contamination. 
Growth and fixation of nitrogen were most satisfactory, as can be 
seen from the data in table 1 (experiment 2). 

Experiment 3 (Sept. 30 to DeA 15, 1935) was a replicate of experi- 
ment 2 except that only one variety of Melilotus alba ws.s included. 
The work was done in rainy, cloudy weather, and in spite of artificial 
illumination the growth of the plants and the fixation of nitrogen were 
poor. However, this poor development was not entirely undesirable 
since the experiment was made in order to determine whether season 
and consequently development of plants affected the relationships 
between the host and invading bacteria.^ The data are given^ in 
table 11. The data in the total columns are discussed in connection 
with the statistical analysis. 

The data of experiment 1 show two types of variation in growth 
and fixation of nitrogen by Melilotus when inoculated with different 
strains of Ehizohmm meliloti. With a given species of the host plant 
the benefit derived, as measured by the quantity of nitrogen fixed, 
varied with the strain of bacteria used. For example, with Af. offi- 
cinalis, strains 105 and 110 were definitely poor; strains 107, 111, and 
115 were superior; the remainder were intermediate. With M. sua- 
veolens strains 101 and 105 were poor and 100, 111, and 128 were 
distinctly good. This type of variation is the usual one noted by 
numerous investigators (f , 4)- 

There are, however, also differences in nitrogen fixation of the 
several species of the host plant when inoculated with certain strains 
of the organism. For example, Melilotus suamolens fixed less nitrogen 
in association with Rhizobium meliloti 101 and Rh. meliloti 105 than 
did any of the other species. These differences did not arise from 
variation in the growth habits of the various species of i)lant since 
with certain strains of bacteria (e. g., strains 100 and 110) no signif- 
icant difference in the quantity of nitrogen fixed was found among 
the several species. 

Confirmation of the existence of species variation with respect to 
fixation of nitrogen in Melilotus is obtained, from the results of experi- 
ment 2 (table 1). This experiment was made under conditions ideal 
for fixataon of nitrogen. The results show that with M. alba and M. 
(fficmaUs, all the strains employed were apparently of equal benefit, 
but with Af. dentata fixation was only fair with strain 128 and dis- 
tinctly poor with strain 105. As noted in experiment 1, fixation by 
M. sumeolens in association with strain 105 was likewise very much 
less than with the other strains. 

It is of interest to compare the results of experiment 2 with those of 
experiment 3 (table 1), made tmder environmental conditions that 
restriGted fixation of nitrogen. In experiment 3 the analysis of the 
duplicate cultures was kept separate since, in contrast to the first two 
experiments, certain of the strains gave erratic reponses, a result that 

« Reid, J . j. the infective ability of rsizqbia of the soybean, cowpea, and lupin CROSS-INOCULA - 
TioN GROUPS. Unpublished thesis, Ph. n., lTiiiY, Wis, 19S6. 
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has been observed by other investigators. Thus Wilson, Hopkins, 
and Fred (11) report that alfalfa plants inoculated with Rhizohium 
meliloti 101 and grown under cotton plugs (which also restricts uptake 
of elemental nitrogen) were benefited by the presence of this strain of 
the organism in only 7 of the 20 replicate cultures. Lohnis (6) reports 
a similar experience with crimson clover grown in open sand cultures 
when inoculated with Rh, trifolii 205. In general, the results of ex- 
periment 3 confirm those of the previous experiments in that both 
strain variation among the organisms and species variation among 
the host plants with regard to nitrogen fixation are apparent. 

Further investigations of species variation in Melilotus were under- 
taken with those species that had exhibited the widest variation in 
the first three experiments. No more seed of M. dentata (33-49) was 
to be had, but seeds of three other strains of this species became 
available. These were tested with M. alba (32-19) and M. suaveolens 
in a preliminary experiment with Rhizobium meliloti strains 100, 105, 
and 128 as the source of inoculum. The average nitrogen fixed per 
10 plants is shown in table 2. 


Table 2. — Nitrogen fixation by different species and strains of Melilotus in associa- 
tion with 3 different strains of Rhizohinm meliloti in a preliminary experiment ^ 


Species or strain 

if ft. meliloti 
105 

Rh. melilot 
128 

Milligrams 

Af. a/6a (32-19) 186.3 

M. suaveolens 121. 0 

M. dentata (91-12) 149. 0 

M. dentata (92-27) 131.0 

M. dentata (9&-2) 111.5 

Milligrams 
111.0 
11.0 
95.0 
35.8 1 
142.0 

Milligrams 
147.5 
126.0 
131.0 
142.4 
138. 2 


1 Per 10 plants. 


The results of this experiment were very similar to those already 
discussed, with one exception. Of the three strains of the biennial 
Melilotus dentata used, only one, M. dentata (92-27), responded to 
inoculation with Rhizobium meliloti 105 as did the annual, M. (fentafix 
(33-49). Fixation of nitrogen was fair to good with M. dentata 
(91-12) and was good with M. dentata (96-2). This result indicates 
that the importance of the host plant in nitrogen fixation by Melilotus 
is not confined to species differences but may likewise include varietal 
(or strain) differences. 

In order to examine this problem further two additional experiments 
(nos, 4 and 5) wwe made. The results of these experiments are given 
in table 3. Only the nitrogen fixation data are included since these 
are the essential ones and the dry-weight figures were consistent with 
these. 

The results of the two experiments confirm in every way those of the 
previous ones; viz, the existence of three types of response in the 
msooiatioji oi Rhizobium 7neliloti Sind Melilotus. 

(1) With Rh. meliloti 100 and 110 fixation of nitrogen by all the 
species of host plants was good to excellent with little evidence of 
consistent significant differences among the several species. The 
results were consistent in that agreement between duplicate samples 
was satisfactory. 
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(2) With Rh. meliloti 105 evidences of the effect of the host plant 
were quite pronounced. Fixation of nitrogen in association with 
M. alba (32-19) and M. dentaia (91-12) was fair to good, but fixation 
with both M. suaveolens and M. dentaia (92-27) was poor. The 
response was quite definite and the agreement between duplicates was 

satisfactory. _ . e 

In experiment (Oct. 23, 1936, to Feb. 2, 1937)^ three species of 
Meliloius were inoculated with the same five strains of organisms 
which were used in the earlier experiments, il/. Alba (32-19) was 
used as representative of the M. alba species since it had shown more 
indication of variable behavior with the organisms used than had the 
Hubam variety. Likewise, the two strains of M. dentata^ which had 
shown the greatest contrast in the preliminary experiment were 
selected for further study. The experiment was made during the 
winter months, and in spite of the use of supplemental lighting, fixa- 
tion of nitrogen was only fair even with the best of the associations. 

In experiment 5 (Feb. 16 to May 21, 1937) only RUzobium meliloti 
105, 115, and 128 were used, as the results in the previous experiments 
indicated that there existed little, if any, consistent diflerences in the 
response of the species of host plant under investigation when inocu- 
lated with strains 100 and 110. The experiment was started in the 
late winter and the initial growth of the plants was slow. Later in 
the spring months growth was excellent and fixation was the greatest 
obtained in any of the experiments, due in part to the longer period 
of growth allowed the plants. 


Table 3. — Nitrogen fixation hy different species and strains of melilotus in association 
with various strains of rhizohium meliloti in experiments 4 and 3 ^ 


Rh. meliloti strain 
no. 

M. alba (32-19) 

M. suaveolens 

M. dentaia 
(91-12) 

M. dentaia 
(92-27) 

Total 

Experi- 
ment 4 

Experi- 

ments 

Experi- 
ment 4 

Experi- 
ment 5 

Experi- 
ment 4 

Experi- 
ment 5 

Experi- 
ment 4 

Exx)eri- 
ment 5 

Experi- 
ment 4 

Exx)eri- 
menfc 5 


Milli- 
grams 
f 20.9 

1, 23.3 

Milli- 

grams 

Milli- 

grams 

24.1 

22.0 

Milli- 

grams 

Milli- 
grams 
20.5 
21. 5 

Milli- 

grams 

Milli- 
grams 
22.1 
28. 1 

MUli- 

grams 

Milli- 

grams 

181.5 

Milli- 

grams 

100- — - 

Average ^ 

105 

Average 2 

1 1 A 




22. 1 


23.1 


22.0 


25. 1 

— 



f 15.4 

1 17.4 

ia3. 3 
213. 0 

4. 1 

3.2 

12.9 

10.3 

15.5 

18.3 

240. 5 
268. 1 

5.8 

7.4 

56. 0 

40.0 

87. 1 

1 003.1 

16.4 

188.2 

3.7 

11.6 

16.9 

254. 3 

6.6 

47.5 

f 21.3 

1 20.2 


23. 3 
25.6 


19.5 

20.6 


30. 2 
32.0 


192. 6 



ilU« 

Average 2 ..__ 

115.. .. 

Average 2 

128.. . 

Average 

Total... i 










20.8 


24.5 


20.0 


31.1 










f 23.1 

1 20.9 

144.0 

128.6 

~ 26.9 
30.7 

250.2 i 
284.0 

27.4 

31.8 

224.2 

230.6 

10.2 

11.0 

117.5 

215.0 

182. 0 

1,594.1 

22.0 

136,3 

28.8 

267.1 

29.6 

227.4 

10.6 

166,3 



f 28.2 

1 . 27. 5 

238.0 

294. 1 

18. 1 
27.3 

248. 1 

170.1 

22.6 

28.6 

193. 5 
209. 5 

„ 14.1' 

■ 24. P.: 

227.5' 

238.6 

190.5 

1,819.4 

27.9 

266,1 

22.7 

209.1 

25.6 

201. 5 

19. 1 

2,33.1 


218.2 

1,181,0 

205.3 

975.6 

228.2 

1,366.4 

185.0 

893. 6 




1 All values in rmlligrams per 10 plants. Differences necessary for significance: Experiment 4, between 
means, 4.33 mg,; between totals of strains, 17.3 mg,; between totals of species, 19.3 mg. Experiment 5 be- 
tween means, 48.7 mg.; between totals of strains, 194.8 mg.; between totals of species, 168.7 mg. 

7 Mean of duplicates. 
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(3) In association with strains 115 and 128 certain species exhibited 
another type of variation with respect to fixation of nitrogen. All 
the species fixed appreciable quantities of nitrogen with these two 
strains, but in association with M. suaveolens and M. dentata (92-27) 
the response was inclined to be erratic, with the result that agreement 
between the duplicates was poor. This type of response w^as discussed 
in connection with experiment 3, and its possible significance will be 
taken up later. The time element in the development of the differ- 
ences betw^een duplicates in experiment 5 is of interest. In the early 
stages of growth both cultures of a given treatment developed slowly 
with little sign of difference bet^veen them. As the days became longer 
and brighter one of the cultures would respond to the environmental 
conditions more favorable for the fixation of nitrogen sooner than its 
duplicate, wuth the result that differences in fixation of nitrogen soon 
became apparent between the two. Later both cultures would 
actively fix nitrogen, but the one in w^hich the onset of fixation was 
delayed could not overcome the initial advantage of the other so that 
the agreement between the duplicates w^as poor. It should be 
observed that this difference between duplicate cultures in the onset 
of the fixation process appeared to be definitely associated with only 
certain species when inoculated with certain strains of the organism. 

The conclusions reached by inspection of the data were confirmed 
by subjecting them to an analysis of variance (5). Such an analysis 
allows separation of the different sources of variation in the resiilts 
and enables the establishment of the significance of variation arising 
from differential response of species of host plant with strain of 
bacteria. Analyses of variance (table 4) were made on the data from 
experiments 3, 4, and 5 as in these experiments the duplicates were 
not combined. The values necessary for significant (19:1 odds) 
differences between the means of the duplicate samples of each 
experiment (calculated from the error of the experiment) as well as 
for total nitrogen fixed by the various strains of bacteria or by the 
various species of host plant are indicated in the footnotes to tables 
1 and 3. 


Table 4. — Summary of analyses of variance on experiments S, 5 



Experimerit 3 

Experiment 4 

■ Experiments 

Variance due tO“ 

Degrees 
of free 
dom i 

Variance 

i ■ 

■ \ 

Degrees 
of free- 
dom 

Vari- 
ance 1 

-! 

El 

Degrees 
of free- 
dom 

! Variance 

El 

Strains.^ 

4 

115.3 

13.31-4-4- 
1. 26— 

4 i 

263.8 

29. 6+H- 
3.944- 
8. 42+4- 

2 

21,634.2 

6,301.6 

13,946.1 

21.6++ 

6.3++ 

13.9++ 

Species 

3 

10.86 

3 i 

33.76 

3 

Species X strain 

12 

51.0 

5.924-4- 

12 i 

72.2 

■ 6 

Error. 

20 

8.63 

20 i 

8.58 

12' 

1, 000. 3 






1 If JP exceeds value for 5-percent point (indicated by -f), the odds are at least 19:1 that observed differ- 
ences do not arise from chance (experimental error). Similarly, if F exceeds l-percent point (indicated by 
++) odds are 99:1. Minus indicates differences could have arisen from chance. 


The source of variation of chief interest is the interaction of species 
and stram (species X strain), for if this is si^ficant the fixation of 
nitrogen by a given strain of the organism in association with the 
host plant is not mdependent of the species of the host. The analyses 
show that, in spite of considerable experimental error introduced by 



626 


Journal of Agricultural Research 


Vol. 55, no. 8 


reason of tlie difference in duplicate samples that has been already 
discussed; the variation due to interaction of strain and species is 
highly significant in each of the experiments. 

Likewise, in the three experiments for which analyses of variance 
are reported (table 4) there are significant differences due to strain. 
Consideration of table 1 (experiment 3) and table 3 indicates that 
this difference arises primarily because strain 105 is distinctly inferior 
to the others when the results on all the species are combined. It is 
to be emphasized that this does not mean that strain 105 is inferior 
on all the species when considered individually as with certain of 
them; e. g., on Melilotus alha (32-19) and M. dentata (91-12) strain 
105 usually fixed as much nitrogen as did the other strains. Because 
of the consistently poor fixation by strain 105 in association with M. 
suaveolens and M. dentata (33-49) and (92-27), however, the total 
fixed by strain 105 is significantly lower than the totals fixed by the 
other strains used. 

Similarly, the significance of the species variation arises from dis- 
tinctly lower totals for Melilotus suaveolens and M. dentata^ (92-27), 
lower totals which originate primarily from the poor fixation when 
inoculated with strain 105. With other strains of the bacteria, e. g., 
strain 100, the quantity of nitrogen fixed by either of these two 
species is not significantly different from the nitrogen fixed by the 
other species of host plant. 

DISCUSSION 

From the^ results of the foregoing experiments it is concluded that 
the interaction of bacteria and host plant in symbiotic nitrogen fixa- 
tion by Melilotus may be separated into three distinct types of response 
with respect to nitrogen fixation. 

(1) The association of all the species tested with certain of the 
organisms is consistently of equal effectiveness. The best examples 
of this type are Rhizobium meliloti 100 and 110 in association with 
the species under investigation. Probably other strains of the bac- 
teria tested only in expeiiment 1 would also fall in this class with 
these particular species of host plant. It should be noted, however, 
that other species (or even varieties) of Melilotus may be found in 
which the association with strains 100 or 110 would be ineffective. 

(2) A second type of association is that in which the species of host 
determines whether or not the strain of bacteria is effective. For 
example, BA. meliloti 105 is effective in association with M. alba ^ 
Mj officinalis, and M. dentata (91-12) but rather ineffective with Af. 
dentata (33-49) and (92-27) and with M. suaveolens. This type is like- 
wise consistent; i. e., the response of a given species to inoculation 
with the strain is relatively independent of the environmental condi- 
tions under which the experiment is made. 

(3) In the third type of association observed in these experiments 
certain of the host plants and strains exhibited a variable response 
which appeared to be related to the environmental conditions under 
which the experiment was made, especially length of day and inten- 
sity of light. The rnost consistent examples of this type was the 
association of BA. melMoti 115 and 128 with Af. suaveolens, M. dentata 
(33-49) and (92-27). It is of interest that these species of host 
plant are the ones which are ineffective in association with BA. meliloti 
105. ■ ■ 
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In many cases the variation is apparent between replicates in the 
same experiment. The cause of this irregularity is even more obscure 
than the cause of the differences in effectiveness between individual 
strains, but it is doubtless a reflection of a fundamental change in the 
delicate equilibrium existing between host and invader which deter- 
mines whether the relationship becomes helpful or harmful to the 
plant. In view of the importnce of the carbohydrate-nitrogen 
relationship of the host in influencing both effectiveness and ineffec- 
tiveness {9)y it appears that this relationship may be concerned in the 
inconsistencies noted with certain strains and species. This sugges- 
tion receives support from the fact that irregularities are more fre- 
quently observed when the experiments are carried out under con- 
ditions which favor a narrow carbohydrate-nitrogen balance in the, 
plant and which consequently restrict fixation of elemental nitrogen 
at least during the early stage of development. It is further suggested 
that the inconsistencies in the quantity of nitrogen fixed through 
certain associations of host plant and bacteria may arise from differ- 
ences in time of infection by the bacteria rather than irregularities in 
the effectiveness of the association. Unpublished results by Reid^ 
have indicated the importance of the carbohydrate-nitrogen relation 
in determining whether or not a given strain of the bacteria will 
infect certain of the host plants of the soybean-cowpea cross-inocula- 
tion group . Under an unfavorable environment, invasion of individual 
plants by certain strains of the bacteria may occur at different periods, 
depending on what appears to be minor factors in the environment, 
but which bring about changes in the composition of the host plant 
sufficient to control the time of infection. 

_ The implication of the findings for theoretical aspects of symbiotic 
nitrogen fixation is the emphasis which they place upon the influence 
of the host plant in the symbiosis. The assumption that the host 
plant passively supplies the source of energy and that the actual 
process of fixation is a function of the bacteria alone appears to be 
untenable in the light of these results. Research in the field has been 
largely concerned with efforts to determine the individual roles of the 
plant and organism, but such an approach may be unwise. Regarding 
the fixation of nitrogen as a function of the relationship between host 
and organism acting as a unit rather than as isolated components, 
might prove to be a more rational point of view for future research. 

A corallary of this view of mutual interdependence of bacteria and 
plant is the necessity of change in the concept of what constitutes 
^^strain variation’^ — a broader definition which would include the host 
plant might be advisable. With our present definitions RMmhium. 
mdiloti 105 would be classed as ^^effective” with certain hosts but 
^ ineffective^ ^ with others. But if the variation is considered as one 
involving the relationship between plant and bacteria rather than 
merely the strain of the organism (or the species of plant) a more 
unified conception is possible. 

According to this concept the difference in strains of the organism 
is not so much a definite qualitative one capable of classification in 
terms as “effective^ ^ and ^ineffective^ V but rather a quantitative 
difference in the manner in which the bacteria affect the relationship 
between themselves and the host. Moreover, this quantitative 


5 Beid, J. J. See footnote 4. 
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difference is not necessaxily constant but may^ vary in relation to the 
presence and activities of other factors which likewise affect the 
relationship. These factors would include the species of the host 
plant, the carbohydrate-nitrogen relation in the plant, and probably 
others; such as day length, temperature, and light intensity. Thus 
the irregularity in the fixation of nitrogen with some cultures, as 
Rhizohium meliloti 128 with Melilotus dentata (33-49) and M. suamo- 
lens, Rh, meliloti 101 with Medicago sativa (Grimm) {12), and Rh. 
trifolii 205 with Trijoliwn mcarnatum {6) , constitute examples of alter- 
ation of the quantitative effect of a strain on the association through 
the predominance of some other factor — possibly the carbohydrate- 
nitrogen relation in the plant — which affects the relationship. The 
objective of future research is to define the as yet unknown factors, to 
determine their relative significance especially in combination with 
one another, and finally to devise means for their control. 

SUMMARY AND CONCLUSIONS 

Four species of sweetclover, Melilotus alba, M. officinalis, M. 
suaveolens, and M. dentata — were tested for ability to fix atmospheric 
nitrogen in association with different strains of Rhizohium, meliloti. 
Six experiments were made during different seasons with resulting 
differences in extent and rate of nitrogen fixation by the plants. 

Three types of response with respect to fixation of nitrogen were 
observed in these experiments: 

(1) The association of certain of the species of host plants and strains 
of bacteria were consistently effective. 

(2) The association of certain strains of bacteria was effective with 
one species of the host but ineffective with another. The reverse was 
also observed, i. e., certain species of the host plant were benefited 
through association with some strains of the organism but not with 
others, 

(3) The association of certain species of plant and certain strains 
of the organism gave rise to erratic responses between experiments as 
well as within an experiment. There was some evidence that this 
type of response may have been influenced by the carbohydrate- 
nitrogen relationship in the plant. 

These results stress the importance of the host plant in determining 
whether a given strain of bacteria is effective or ineflhrtive in the as- 
sociation. It is proposed that the concept of strain variation in the 
bacteria may be only one aspect of a broader type of variation which 
involves the total relationshii) between organism and plant. The 
variation in this relationship with respect to nitrogen fixation may be 
affected by factors other than differences of strain of bacteria, as, for 
example, species of host plant or physiological balances within the 
plant. Aecording to this view a given strain of the organism is not 
''good^^ or ''poor’^ in an absolute sense, but only relative to the other 
factors which affect the relationship. Under certain conditions one 
factor, as, for example, strain of organism, may determine the effective- 
ness of the relationship, whereas under other conditions some other 
factor, such as species of host plant, may be the dominating element. 
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INTRODUCTION 

Flax rust, caused by Melarripsora Uni (Pers.) Lev. is widespread 
tbroughout the flax-growing regions of the world, and in certain years 
epiphytotics of serious proportions occur, causing severe losses to 
growers. The threat of rust epiphytotics in Minnesota has been 
sufflciently great to be a major factor in causing the removal from the 
recommended list of the two susceptible varieties Chippewa , and 
Winona, and at the present time makes it imperative that new 
varieties of flax to be recommended for commercial production be 
highly resistant to, or immune from, rust. 

The physiologic-form concept has served to emphasize the necessity 
for producing varieties resistant to all races of the pathogen prevalent 
in a locality. Consequently, the inheritance of reaction to a collection 
of rust is of primary importance in breeding for rust resistance in flax. 
Likewise, a knowledge of the degree of association between the reaction 
of hybrids to a collection of rust and to a single' physiologic race 
commonly found in the region is of considerable importance both from a 
practical and from a theoretical viewpoint. 

The purpose of this study was threefold: (1) To determine the 
nature of interaction of genes conditioning different types of rust 
reaction; (2) to determine the relationship and interaction of genes 
conditioning a similar reaction type in different varieties; and (3) to 
determine the relationship between the reaction of hy^brids to*, a 
collection of rust and to a single physiologic race. 

LITERATURE REVIEW 

Studies of the inheritance of disease resistance in crop plants have 
been a fruitful field for the application of genetic principles to plant 
breeding, and the literature pertaining to such studies is voluminous. 
Likewise, the morphological characters of flax have been the subject of 
rather extensive genetical researches, particularly by Tammes. This 
literature has been reviewed in recent papers by Tammes (9, 10)^ and 
the writer (7). It is a singular fact, however, that relatively little 
work has been reported on the inheritance of reaction to rust in flax, 
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In 1921j Heniy (5) stated that several previous^ investigators had 
observed a differential rust reaction in different varieties of flax, some 
reporting immune varieties. At the same time, he reported that 
numerous varieties had been immune from rust in tests in Minnesota. 
Later, {6) he stated that Ottawa 770B, Argentine Selection, and 
Bombay had remained consistently immune when thoroughly tested 
with several collections of rust from the United States and Canada, 
and that all three had likewise been immune when inoculated with a 
collection of rust furnished by Tammes from her flax-breeding gardens 
at the University of Groningen, Groningen, Netherlands. In addi- 
tion, Henry (6) stated that Hiratsuka tested Ottawa 770B and Argen- 
tine Selection in Japan with the same results. 

Henry (d) studied the inheritance of immunity in crosses iiavolving 
Argentine Selection, Ottawa 770B, and Bombay as the immune 
parents. The immunity of Ottawa 770B and Bombay was in each 
case dependent upon a single dominant factor. In Argentine Selec- 
tion, apparently two dominant factors were present, either of which 
conditioned immunity. In crosses involving Ottawa 770B, rust 
reaction and flower color were inherited independently. 

Recently, Flor (S) has reported the differentiation of 14 physiologic 
forms of Melampsom Uni % the use of seven varieties of cultivated 
flax. Of the 165 varieties of flax inoculated with forms 1 to 5, only 
13 gave indications of being rust differentials, the remaining 152 
showing no specific response to the 5 forms of rust. Flor states that 
the lack of genetic purity of the varieties with regard to rust reaction 
was one of the striking features of his results. 

MATERIAL AND METHODS 

The following varieties of flax {Linum usitatissimum L.), used as 
parents in the crosses reported in this paper, are grouped according 
to their supposed rust reaction at the time this study was outlined: 

Immune: Ottawa 770B, C. I. 355 Newland, C. I. 188; Minnesota Selection, 
C. I. 438; Long X E, C. I. 697; Pale Blue Verbena, C. I. 416-3: and Argentine 
Selection, C. I. 712. 

Resistant: Light Mauve, C. I. 379-1: Pale Pink, G. I. 649; Bison, C. I. 389; 
Redwing, C. L 320; and Ottawa 829c, G, I. 391. 

Moderately susceptible: Bolley Golden, C. I. 644; Pale Blue, C. I. 423; and 
Abyssinian Yellow, C. I. 300. 

Susceptible: Common Pink, C, I. 479. 

The data on rust reaction, used in outlining this studj^, were made 
available to the author by C. C. Allison of the Division of Plant 
Pathology and Botany, University of Minnesota, and were from 
notes taken on the vaiieties grown at the Coon Creek Experimental 
field in 1932. 

The parental material, wherever possible, was taken from rows 
descending from individual plants. However, such rows were not 
available of Newland, Long X E, C. I. 416-3, C. I. 712, Light Mauve, 
and BoEey Golden, and for these varieties it was necessary to plant 
bulk seed for paaking crosses. A total of 37 crosses was made. Varie- 
ties re;presenthxg different types of rust reaction were intercrossed, and, 
m admtion^ varieties showing a similar type of reaction were crossed 
in all combinations* The crosses were made in the greenhouse during 

accessioa number of tbe DiviMon of Cereal Crops and Diseases, Bureau of Plant Industry, 
IT. S. Department of Xgnoulture. 
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the winter of 1933-34, and the parents and Fi plants were grown on 
peat soil at the Coon Creek experimental field in 1934. In addition, 
an F2 generation of Ottawa 770B X Pale Blue, and F2 and F3 genera- 
tions of Ottawa 770B X Redwing were grown in space-planted rows. 
Additional hybrid seed of each of the crosses was obtained in the 
flax-crossing plot in 1934. 

F2 generations of all crosses were grown in 1935 at University 
Farm, Minn., and on the Coon Creek peat. However, because of 
adverse climatic conditions, no data were obtained on rust reaction 
of the hybrid material during this summer. 

In the greenhouse studies of rust reaction, conducted during the 
winter of 1935-36, Fi and F3 lines weie used in all crosses where seed 
was available. In certain crosses where there were insufficient F3 
lines F2 material was also used. Each F3 line was planted in a single 
4-inch pot at the rate of 20 seeds per line where sufficient seed was 
. available. Likewise, the F2 generations and the parental checks were 
planted at the rate of 20 seeds per 4-inch pot. 

The collection of rust was obtained at University Farm from the 
variety Winona, previously inoculated wdth rust collected at Coon 
Ci’eek. Physiologic form 4 was obtained from H. H. Flor, of the 
United States Department of Agriculture. Both the collection and 
the single form were increased in the greenhouse on Winona. 

A temperature of about 70° F. was found to be suitable for growing 
the flax and for producing good rust infection. Two large incubators, 
each with a capacity of seventy-five 4-inch pots, were available and 
an incubation period of 48 hours was used. As a result, about 150 
pots were planted every second day. The first planting was inocu- 
lated by the brushing method, with the collection of rust, 3 weeks 
after the date of planting. The plants were then 4 to 6 inches tall. 
Inoculations were continued every other day on the subsequent plant- 
ings until in November, when the low light intensity and duration 
retarded the growth of the flax. Since it seemed desirable to inocu- 
late all crosses at nearly the same stage of growdh, the period from 
planting to inoculation was gradually extended from 3 weeks to 4 
wrecks in December. As soon as seed of all the material had been 
planted for testing with the collection of rust, a duplicate planting 
was started for testing with the single physiologic race. The pro- 
cedure follow^ed with the material for inoculation with the single race 
w^as essentially the same as that for the collection. 

In taking the notes, no standardized classes w’ere available as is 
the case in seedling studies with the cereals, particularly wheat, Gon- 
sequently, it w^as necessary to set up the classes as the notes were 
taken. Eleven classes w^ere used, based upon extent and type of 
infection. These classes w^ere as follows: 

Class 0: Plants showing no macroscopic evidence of the presence of the pathogen 
(pi. h A), 

Class 1: Plants with small flecks but no pustules (pl.l, B). 

Class 2: Plants with flecks and very small pustules, the pustules surrounded 
bj" a narrow’ necrotic area or by chlorotic tissue (pi. 1, C and D ) . 

Class 3: Plants with flecks, very small pustules, and occasional medium large 
pustules intermingled on the same leaves over the entire plant. Pustules usually 
surrounded by a necrotic area although occasional pustules w’ere surrounded by a 
chlorotic area (pL 1, E). 

Class 4: Plants with few small pustules (less than four or five per leaf) sur- 
rounded by necrotic areas on older leaves- Leaves on the upper one-third of the 
X^lant w'ith large suseej^tible pustules, surrounded by chlorotic area (pi. 1, F). 
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Class 5: Plants like class 4 except with more pustules per leaf (pi. 1 , (?) . 

Class 6: Plants with large pustules surrounded by chlorotic areas on all leaves. 

Usuallv two, three, or four pustules per leaf surface (pi. 1, H) . 

Class 7: Plants with reaction type like class 6, except with hve to eight pus- 
tules per leaf surface (pi. 1, /)- ' ^ ^ 

Class 8: Reaction tvpe like classes 6 and 7 except with pustules more immerous, 
causing the chlorotic areas surrounding the pustules to coalesce, thus producing 
a more'or less uniform chlorotic condition where the pustules were thick (pi. 1, /). 

Class 9: Pustules on older leaves surrounded by narrow^ “green islands’' with 
intervening chlorosis, giving the leaves a spotted appearance. Large pustules 
on younger leaves similar to those in classes 6, 7, and 8. Many pustules per 
plant (pi. lyK), 

Class 10: Reaction type like class 9 except with few pustules per leal (pL 1, L). 

FIELD STUDIES 

Tlie rust reaction of the parental varieties grown at Coon Creek 
during the summers of 1934 and 1935 are presented in table 1. 


Table 1,—Rust reaction of the 'parental varieties in the field in 1,934 c-nd 1935 


Variety 

1934 

1935 

Variety 

1934 

1935 

Ottawa 770B . 

Newland 

C. I. 438 ^ 

Long X E — 
C. I. 416-3.-.. 
C. I. 712, 

Immune. 

do 

do 

do 

do 

. do. ... - 

Immune. 

Do. 

Do. 

Do. 

Do. 

Do. 

Resistant or im- 
mune. 

Resistant. 

C. 1. 649 

Bison 

Redwing 

C. 1. 391- 

Pale Blue ! 

Resistant 

Semiresistant.,. 

do 

Moderately sus- 
ceptible. 

.._..do 

Resistant. 

Semiresistant. 

Do. 

Moderately sus- 
ceptible. 

Do. 

Do. 

Do. 

Bolley Golden. 

Light Mauve, 

(0 - 

Immune 

Abyssinian 

Yellow. 

C.L 479 

do...... 

,do 


I Leaves destroyed; reaction could not be determined. 


No rust was found in either year on the six varieties which were 
considered immune in outlining the experiment, i. e., Ottawa 770B, 
Newland, C, I. 438, Long X E, C. I. 416-3, and C. I. 712. In addh 
tion,^ all plants of Light Mauve were entirely free from evidence of 
rust infection in 1934, but in 1935 this variety showed flecks and small 
resistant pustules. Likewise, a small proportion of the plants of 
C. I. 649 grown in 1934 were free from rust, the remainder showing 
only a few resistant-type pustules per plant, while in 1935 occasional 
large pustules were found along with flecks and resistant pustules on 
this variety. In 1934, the leaves of Bolley Golden were entirely 
destroyed by the pasmo disease, making it impossible to determine 
rust reaction. In 1935 one plant row of Bolley Golden, from the 
plant used as a parent in the cross C. I. 479 X Bolley Golden, was 
immune, the remaining plants of Bolley Golden showing a resistant 
reaction. 

Large susceptible-type pustules were found in Bison and Redwing, 
but in these two varieties the pustule frequency w^as less than in the 
four moderately susceptible varieties, C. I. 391,l^alo Blue, Abyssinian 
Yellow, and C. I. 479. Thus the semiresistance of Bison and Redwing 
under these conditions was a matter of lower pustule frequency rather 
than type^ of reaction. Likewise the four moderately susceptible 
varieties differed from susceptible va^rieties such as Winona in having 
a lower percentage of rust rather than in type of pustule. The data 
on rust reaction in the F 2 generation of Ottawa 770B X Pale Blue and 
the Fa and Ih generations of Ottawa 770B X Redwing grown in the 
field in 1934 are summarized ini table 2. 





ses of rust reaction used in classifying material in the greenhouse studies: A, Class 0; B, class 1; 
class 2 (pustules surrounded by necrosis); i>, class 2 (pustules surrounded by chlorotic tissue) 
class 3; F, class 4; 0, class 5; H, class 6; /, class 7; J, class 8; Ky class 9; X, class 10. 
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Table 2. ~S(ni'(ntttio7i Jor rml reodion in the field of F 2 <ind generation}^ of erossce 
invohnng Ottawa 770B as the immune parent 


Cross 

Generation 

Plants or lines showing indi- 
cated reaction 

Immune 

Segregat- 

ing 

Rusted 

Ottawa 770B X Rf'dwint? 

Fo plants. 

Number 

44 

31 

Number 

Number 

13 

Do. 

' Fs lines 

* . ■ 47 

21 

Ottawa 77QB X Pale Bluo- 

Fo plants,, 

45 


10 



^ _! 


The rusted segregates in Ottawa 770B X Redwing all appeared 
semiresistant like Redwing. In the F2 generation the number of 
plants was small but the fit to a 3 : 1 ratio was good, P lying between 
0.70 and 0.80. The F3 generation offers more critical evidence regard- 
ing the mode of inheritance of immunity. The fit of the observed 
ratio of F3 lines to the theoretical 1:2:1 ratio was good, P lying between 
0.30 and 0.50. fer fit to a 3:1 ratio was calculated for each of the 
47 segregating F3 lines separately and the_2^^ val ues ad ded. The total 
X^ was 38.519. Applying the formula given by Fisher 

(^) a normal deviate of — 0.866 ±1 was obtained, the deviation from 
the expected 3:1 ratio not being significant. In the cross Ottawa 
770B X Pale Blue, the number of F2 plants was again too small to 
warrant drawing definite conclusions although the observed segregates 
approached the expected 3:1 ratio, with P lying between 0.20 and 
0.30. These data are in agreement with the conclusion reached by 
Henry (6) that the immunity of Ottawa 770B in the field is conditioned 
by a single dominant factor. 

GREENHOUSE STUDIES 

The major portion of this paper is concerned with the reaction of the 
parents and hybrids under greenhouse conditions to a collection of rust 
and to physiologic race 4. It is known that in wheat certain varieties 
which are very susceptible to rust in the seedling stage in the green- 
house are highly resistant to the same forms of rust in the “mature- 
planU’ stage in the field (Stakman (8), Hayes, Stakman, and Aamodt 
(4), and others). Flor (S) found that certain varieties of flax showing 
some resistance in the field w^ere susceptible in the greenhouse. There- 
fore it seems desirable to know the rust reaction in the greenhouse of 
the varieties used as parents in this study before attempting to analyze 
the data obtained on the hybrids. Furthermore, the 11 classes of 
rust reaction used in classifying the parents and hybrids, were set up 
to include all of the difterences which seemed suflBciently clear-cut to 
permit their classification, but no attempt was made at that time to 
determine their gene tical significance. Such information, however, is 
valuable in analyzing the results obtained in segregating populations, 
and the best evidence of the validity or significance of the different 
rust classes from a genetical standpoint is to be found in the reaction 
of different biotypes imder the conditions of the experiment. 
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FARENTAL RKACTK )N 

The data ou the reaction of the parental varieties to a collection of 
rust and to form 4 are presented in table 3. 

Table 3. ““jReacnoa of plants of parental checks to the collection of rust in the greeny- 

house and to form 4- 

EEACTION TO COLLECTION OF RUST IN rxREENHOUSE 


Plants in rust class- ’• 


V ariety 

0 

1 

2 

3 

4 

5 

0 

7 

8 

9 

It) 

Ottawa 770B 

Num- 

ber 

451 

Num- 

ber 

Num- 

ber 

Num- 

ber 

Num- 

ber 

Num- 

ber 

Num- 

ber 

Num- 

ber 

Num- 

ber 

Num- 

ber 

Nurri- 

her 


150 












C. I. 438 

113 











Long X E 

113 

72 

14 









C,I. 416'3 . - - 

123 

34 

38 









0.1,712 

94 

36 









Bollfiv Onlden _ _ . 

68 

65 

86 









Light Maiive 

38 

72 

94 









0. 1. 649 - -- 

21 

15 

73 


30 






Bison 



■2 

10 

81 

31 

33 



4 

Redwing 





48 


56 


IS 

1 

C. 1.391 






25 


36 




Pale Blue 






2 

120 

45 


11 

....... 

C. 1. 479.... 







5 

1 

47 

38 

Abyssinian Yellow 





j 



53 



3 







i 

1 





REACTION TO FORM 4 


Ottawa 770B 

346 

145 

156 

123 

130 

30 

52 

32 











Newland 











C. I. 438 ■ 











Long X E 

32 

35 

80 

63 

73 

17 

1 









C. I. 416-3 









C. 1.712 

32 

28 

61 

61 

5 









Bolley Golden. . ..... 









Light Mauve 









C. L 649................ 

42 

45 


2 

157 

2 






Bison - 




2 

1.31 

46 

ISl 

109 

67 




Redwing 








C.L 39l,.„. 










Pale Blue. 











0. 1. 479 












Abyssinian Yellow 























All the plants of Ottawa 770B, Newland, and C. 1. 438 were immune, 
both from the collection and from form 4. These varieties had also 
been inmune in the field. Two other varieties, Long X E and C. I. 
416-3, immune under field conditions, showed a mixed reaction in the 
greenhouse. 

Such variable or mixed reaction may either have been the result of 
genetical variability or the influence of environment. Since bulk seed 
of both these varieties was used in making the crosses, the possibihty 
that the plants tested in each variety did not represent a single bio type 
cannot be excluded. Four plants of Long X E were used as parents 
in makii^ the crosses in the greenhouse in 1933-34 and the offspring 
of one single plant selection from the progeny of each of these four 
plants were tested both to the oolection and to form 4. The data 
are given in table 4. 
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Table -i.—ReacAion to collection of 7' ust in gt'cenhoiise and to form 4- of offspring of 
single-plani selections from the progeny of plants of Long ;< E and C. I. 
used as parents 

LONG X E 


1933-34, 
plant no. 

1934, no. 

1935, no. 

Plants in rust class indicated when inoculated with-— 

Gollection 

Porm 4 

0 

1 

2 

3 

0 

1 

2 




Number 

Number 

Number 

Number 

Number 

Number 

Number 

132-1 

4358-1 

6107-2 

16 

0: 



12 

4 


132 2 

4367-1 


5 

12 

3 


1 

12 

1 

133-4 

4377-1 

6189-1 

5 

7 



30 



134-1 

4373-1 


f 20 




14 




( 13 i 

3 



12 




C. I. 712 


140-1 

140- 4 

141- 1 

142- 2 

{ 4340-1 
i 4365-3 
4368-1 

4352-1 

4362-1 

6005-1 

5 

9 

.7 

12 

7 



3 

10 

12 

7 

,r 15 

1 14 

6 

9 







2 

13 

16 

1 

3 

■ 4 

14 

11 








\~~T' 

13 













The progeny of the two plants 132-1 and 134-1 were predominantly 
class 0, whereas the progeny of 132-2 were mostly class 1, both to the 
collection and to form 4. These results, although not conclusive, 
indicate that two different strains of Long X E had been used. This 
does not answer the question, however, whether the occurrence of 
both class 0 and class 1 progenies from the same plant resulted from 
heterozygosity for factors conditioning rust reaction or from the 
influence of environment. In a naturally self-pollinated crop like 
flax, the proportion of plants heterozygous for any given factor or 
factors, after the variety has been grown for several years, must be 
low. Therefore, it is unusual that all four of the plants used in the 
greenhouse should have been heterozygous and, in addition, that the 
single plant selected from their progeny should, in each of the four 
cases, also have been heterozygous. 

Four plants of C. I. 416-3 were used as parents in the crosses made 
in the greenhouse. From the progeny of a single plant selected from 
the offspring of one of these original plants, three plant selections were 
made, the progeny of which were used as checks in the greenhouse rust 
tests. Likewise two plants from the progeny of a single plant selected 
from offspring of another original parent plant and single-plant 
selections from the progeny of the other two original parents were 
taken, the progeny of which were used as checks in the greenhouse 
tests. No sharp differences in the rust reaction of the different 
parental lines were observed. The greatest difference was be- 
tween two pots planted with seed of a single plant. The 18 plants 
in one pot, inoculated October 13, were aU class 0, while the 19 plants 
in the other pot, inoculated on November 25, were all class 1. These 
results indicate that in this variety the class 0 and class 1 types of 
reaction are subject to environmental fluctuations to a considerable 
extent. 
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The complexity of studies of disease resistance has been pointed out 
by other im^estigators. Reaction of the host to a disease is not merely 
the interaction of the genetic factors of a single organism with the 
environment but rather the interaction of two organisms, the host and 
the pathogen, each with its gene complex interacting with the en- 
vironmental conditions. If immunity in flax is dependent upon the 
limitation of the development of the pathogen rather than its exclusion, 
it would perhaps not be surprising to find cases in which the balance 
between host and pathogen is so delicate that slight changes in the 
environment shift the reaction from one in which no macroscopic 
disease symptoms occur to one in which sufficient host cells are killed 
to produce a fleck. 

C. I. 712, which was immune in the field, when tested in the green- 
house had plants in the three rust classes, 0, 1, and 2. Bulk seed of 
this variety had also been used for making the original crosses. Four 
plants were used as parents for the crosses made in 1933-34. The 
data on rust reaction of lines descending from these four plants are 
summarized in table 4. 

Offspring from the plant selections from the progeny of 140-1 con- 
sist of plants in rust classes 0 and 1, while progeny of the other three 
lines have all plants in classes 1 and 2. 

Two plants of Bolley Golden were used as parents in the greenhouse 
in 1933-34. Sixty-sm plants of the line descendant from plant 123-2 
were inoculated with the collection of rust in the greenhouse and all 
were immune. In addition, 32 plants of this line were inoculated with 
form 4 with the same results. This is the same line that was immune 
in the field. Progeny from four single-plant selections from offspring 
of the other parent plant varied in rust reaction from class 1 to class 2. 
Four pots were planted with seed from one of these single-plant 
selections and inoculated with the collection of rust. Plants in two 
of these pots fell in class 1, whereas those in the other two pots, in- 
oculated at a later date, were classed as 2, i. e., with resistant-type 
pustules. This indicates that classes 1 and 2 may I'epresent environ- 
mental fluctuations rather than true genetical differences, in this 
variety at least. In 1934, three plants of Bolley Golden were used in 
making additional crosses. Progeny of one of these plants were all 
class 0 wliile the progeny of the other two varied in rust reaction from 
class 1 to 2. It is probable that the variety Bolley Golden consists 
of a mixture of immune and resistant biotypes, Ffor (3) found that 
70 percent of the plants of Bolley Golden w^ere immune, and 30 per- 
cent were resistant in his tests. 

A similar situation obtained in Light Mauve. Thirty-nine individ- 
uals from a single-plant selection of the progeny of one of tlie parent 
plants used in making the crosses in the greenhouse were inoculated 
with the collection of rust. Thirty-six were class 0 and three were 
class 1. Eighteen plants of the same line were inoculated with form 4 
and all were class 0.^ Progenies of plant selections from descendants 
of the other three original plants, when inoculated with the collection, 
were all classed as 1 or 2 except two, which were class 0. These two 
niay have been escapes. ^ T^en inoculated with form 4, all were placed 
in classes 1 and 2. No distinct differences in rust reaction between the 
descendants of these three original plants were observed. Three 
plants of Light Mauve were used in making additional crosses in 1934. 
Progenies of twm of these, when tested with the collection of rust, 
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were classed as 1 and 2. Progenies of all three plants wlien tested witli 
form 4 contained class 0, 1, and 2 plants. Whether the plants in class 
0 represented true immunity or escapes is not known. 

The plants of C. I. 649 varied from class 1 to class 5 both when 
inoculated with the collection and when inoculated with form 4. The 
proportion of class 1 plants was greater, and that of class 3 and 5 
plants smaller, among the plants inoculated with form 4 than among 
those inoculated with the collection. The range in rust reaction from 
class 1 to class 5 is greater than would normally be expected in plants 
of the same genotype, particularly on such plants growing in the same 
pot. However, the seed of C. I. 649, used in making the greenhouse 
crosses, was taken from a single-plant selection, and the progeny of 
five single-plant selections from the offspring of two of the original 
parent plants gave, in each case, a similar range in reaction types. 
These results would suggest homozygosity of the material, although 
the only critical evidence would be a progeny test of individuals rep- 
resenting the four reaction classes. Such tests have not as yet been 
naade. Marquillo wheat is known to show variability in reaction, 
giving both resistant and semiresistant plants (Hayes, vStakman, and 
Aamodt (4), Ausemus {!), Whether this is an analogous situation is 
not known. 

The plants of Bison, inoculated with the collection of rust, varied 
from class 3 to 10, while the plants inoculated with form 4 were placed 
in classes 2, 3, 5, and 7. These results indicate that Bison is likewuse 
more resistant to form 4 than to the collection. Flor (S) did not find 
such a difference either with C. I. 649 or Bison. Since, in the present 
study, the varieties were inoculated with form 4 and the collection at 
different times; it is not certain that a true difference in resistance 
obtains. Although the range in rust reaction among the Bison plants 
was large, a study of the progenies of the individual plant selections 
afforded no evidence regarding the nature of this variation. Classes 
4 and 5 have a similar type of reaction and differ only in the pustule 
frequency. Class 4 was found in the early inoculations, but later all 
plants showing this type of pustule fell in class 5, perhaps due to a 
more uniform distribution of inoculum as the inoculation teehniqiie 
improved. A similar situation obtained for classes 6, 7, and 8, where 
the relative proportion of class 7 plants increased not only in Bison 
but also in other varieties to be discussed later, as the experiment 
progressed. 

Plants of Kedwing, inoculated with the collection, occurred in 
classes 5, 7, 9, and 10, while C. I. 391 had plants in classes 5 and 7. 
Class 5 plants were found in Redwing early in the expeiiment, while 
all plants inoculated later, under reduced intensity and duration of 
light, were classed as 7. In both of these varieties, when inoculated 
with form 4, all plants were placed in class 7 except two plants of 
Redwing in class 5. 

Plants of Pale Blue and C. I. 479 varied from class 6 to class 10 
when inoculated with the collection. In the early part of the imnsti- 
gation, the ^^green island^ ^ type of reaction of classes 9 and 10 occurred 
in the same pots of these twm varieties along with classes 6, 7, and S. 
Later, with reduced light, this type of reaction no longer appeared. 
All plants of these two varieties, when inoculated wdtli form 4, gave a 
uniform class 7 type of reaction. It is doubtful from the results ob- 
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taiiied witli tliese two varieties wliethor classes 6^ 7, 8, 9, and 10 
represent true genetical differences. 

On tlie basis of the above results, it appeared logical to place tlie 
parents in five groups, as follows: 

(1) Inuiiune: Ottawa 770B, Newland, C. I. 438, and the inmiune strain of 
Bolley Golden. 

(2) Near immune: Long X E, G. L 416-3, and the neardmmune strain of 
Light Mauve. 

(3) E-esistant: Bolley Golden, Light Mauve, and C. 1. 712. 

(4) Semiresistant: Bison, Redwing, and C. I, 391. 

(5) Susceptible: Pale Blue, C. I. 479, and Abyssinian Yellow. 

C. 1. 649 is less resistant than Bolley Golden, Light Mauve, or 
C. I. 712. On the other hand, it is definitely more resistant than the 
varieties classed as semiresistant. Because of the variable reaction 
of the plants of C. I. 649 in this study, this variety has not been placed 
in any of the five groups. 

C. I. 649 was used in crosses with one immune variety, Ottawa 
770B, one resistant variety, Light Mauve, and three semiresistant 
varieties, Bison, Redwing, and C. I. 391. 

On the basis of the rust reaction of the parents under greenhouse 
conditions, the crosses can be classified as those involving parents 
with similar rust reaction and those involving parents with different 
rust reaction, as follows: 

Crosses involving parents wdth similar rust reactions: 

Immune X immune: Ottawa 770B X Newland, Ottawa 770B X C. L 438, 
and 0. 1. 438 X Newland. 

Near immune X near immune: C. I. 416-3 X (Long X E). 

Semiresistant X semiresistant: Redwing X Bison. 

Susceptible X susceptible: C, I. 479 X P3.1e Blue and Pale Blue X Abyssinian 
Yellow. 

Crosses involving varieties with different reaction to rust: 

Immune X near immune: Ottawa 770B X C. I. 416-3, Ottawa 770B X (Long 
X E), C. I. 416-3 X Newland, C. I. 416-3 X C. I. 438, C. 1. 438 X (Long X E), 
and (Long X E) X Newland. 

Immune X resistant: Ottawa 770B X Bolley Golden, Ottawa 770B X Liglit 
Mauve, Ottawa 770B X C. I. 712, C. I. 712 X Newland, and C. I. 712 X C. 1. 
438. 

Immune X semiresistant; Ottawa 770B X Redwing and Ottawa 770B X Bison. 

Immune X susceptible: Ottawa 770B X Pale Blue, Ottawa 77()B X C. L 479, 
and C. 1. 479 X Bolley Golden. 

Near immune X resistant: C. I. 712 X (Long X E) and C. L 712 X G, I. 
416—3. 

Near ixnxnune X semiresistant: Light Mauve X Redwing. 

Resistant X semiresistant: Light Mauve X Bison and G. I. 391 X Light 
Mauve. 

Resistant X susceptible: Bolley Golden X Pale Blue and Bolley Golden X 
Abyssinian Yellow. 

&mirevsistant X susceptible: Pale Blue X Bison and G. I. 479 X Bison, 
REACTION OF HYBRID MATERIAL 
Immune X Immune 

In the cross of Ottawa 770B X C. I. 438, 32 F 3 lines, averaging 
15.6 plants per line, were inoculated with the collection of rust and 
only class 0 plants were obtained. Inoculation of these same F 3 hues 
with form 4 gave identical results. The results indicate that the 
immunity of Ottawa 770B is allelic to the immunity of C. I. 438. 
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Tlie data oii the reaction to the collection of rust of parents, Fj, 
aiid F3 of Ottawa 770B X Newland and the parents and generation 
of C. I. 438 X Newland are presented in table 5. 

Table 5.- — Reaction of parents^ and of F\ and Fs generations of Ottawa 770B X 
Newland and C. I. 4S8 X Newland to collection of rust in greenhouse 



In the 35 F3 lines of Ottawa 770B X Newland, semiresistant (class 5) 
and susceptible segregates were obtained in addition to class 0 plants. 
Grouping the class 5 and susceptible segregates together, the ratio of 
Fg lines becomes 20 immune : 14 segregating : 1 susceptible. Using 
to compare this ratio with the calculated, on the basis of duplicate 
factors for immunity, gave a value of P between 0.10 and 0.20. These 
data suggest the hypothesis of a single dominant factor conditioning 
immunity in each variety the two factors not being allelic and inherited 
independently. 

The relationship of the reaction of these lines to the collection and 
to form 4 is shown in table 6. 

Table 6 . — Correlation table showing the reaction of Fz lines of Ottawa 770B X 
Newland to collection of rust in greenhouse and to form 4 


Eeaction^ol^collection 


Eeaction to form 4 

Iminime 

Segregat- 

ing 

Susceptible 

Total 

Iminune _ 

Number 

20 

Nuviber 

5 

8 

1 

Number 

Number. 

25 

8 

■ 2 

Segregating ; 


Susceptible- : — 


1 

Total--—-- —————— 


20 

14 1 

1 

36 



From these data it can be seen that the reaction of the F3 lines to 
form 4 was similar to their reaction when inoculated with the collec- 
tion. Five lines that were classed as segregating with the collection 
contained only class 0 plants when inoculated with form 4. However, 
since the average number of plants per line was only 11.5 in the test 
with form 4, these exceptions probably resulted from failure to recover 
recessive segregates in some lines owing to the small number of plants. 
In addition, one line was classed as segregating with the collection and 
susceptible to form 4. In this line only three plants were tested in 
each case. 
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In C, I. 438 >; Ncwland (table 5), 16 of the F.^ lines eoniaiiu'd oidy 
class 0 plants, 13 contained, in addition to class 0, class 1, 2, or 3 
segregates and 1 line contained only class 1, 2, and 3 plants. The 
occurrence of class 1,2, and 3 plants in these F3 lines suggests the 
absence of allelism of the factor for immunity in Newland with a 
factor conditioning immunity in G. I. 438. observed to 

calculated on the basis of two dominant factors for immunity gave a F 
value between 0.20 and 0,30. Since no susceptible segregates were 
obtained in the Fg lines, it appears that one of the varieties carries, in 
addition to a factor for immunity, a factor for resistance allelic to the 
factor conditioning immunity in the other variety. No evidence of a 
factor determining resistance was found in the cross of Ottawa 770B 
X Newland. Therefore, it seems probable that C. I. 438 carries at 
least two factors, one conditioning immunity and the other, which is 
allelic to the factor for immunity in Newland, conditioning resistance 
to the collection of rust. When the Fg lines of C. I. 438 X Newland 
were inoculated with form 4, all plants were immune, Tliis indicates 
that the factor in C. L 438 wliich conditions resistance to the collection 
determines immunity from form 4. 

Near Immune X Near Immune 

In C. I. 416-3 X (Long X E), 25 Fg lines, averaging 12.7 plants per 
line, were tested witli the collection of rust. Only clasKS 0, 1, and, 2 
plants were obtained. The variability of the two parents from class 
0 to 1 made an exact genetical interpretation of the results in the Fg 
lines impossible. However, the absence of semiresist ant or susceptible 
segregates in any of the Fg families indicates that tlie near immunity 
of these two varieties are allelic. Likewise, only class 0, 1, and 2 
plants were obtained when these lines were inoculated with form 4. 

Semiresistant X Semiresistant 

The data on the reaction of parents, Fi, and Fg generations of 
Eedwing X Bison to the collection and to form 4 are given in table 7. 

Of the 32 Fg lines inoculated with the collection, 14 contained only 
class 4 and 5 plants, while the remaining 18 contained both class 4 and 
5 and susceptible segregates. The. reaction of Bison and Redwing is 
variable, as pointed out in the analysis of the parental reaction in the 
greenhouse, thus precluding the formulation of any factorial explana- 
tion of the results obtained in this cross. 

The results with form 4 difl‘er somewhat from those obtained with 
the collection in this cross. One of the plants of Redwing w^as placed 
in class 5 and 28 in class 7, whereas the Bison plants wuu‘e placed in 
classes 3, 5, and 7. Here again a factorial explanation of the results in 
Fg cannot be given. It is interesting to note that the proportion of 
class 3 segregates in the material inoculated with form 4 is greater in 
those lines showing only class 4 and 5 segregates wdien inoculated with 
the collection. Likewise, the proportion of plants showing a suscepti- 
ble reaction to form 4 is greater in those lines showing susceptible 
segregates with the collection of nist. 
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Table 7 . — Reaction of parents y and of Fi and generations of Redwing X Bison 
to collection of rust in greenhouse and to form 4 




Plants in rust class indicated when inoculated with- 

- 


Parent or 
generation 

Collection 

Porm 4 


, 4 

5 

G 

7 

8 

9 

10 

3 


' . 7 ■ ' 

R(Mlwirig_„._ ... 

Number 

Number 

30 

Number 

Number 

Number 

Number 

Number 

1 

Number 

Number 

1 

Number 

28 

Bison.-. 


32 






5 

29 

1 

Fi 


5 







5 


Fs fannlies; 

6011-7.. 


16 






5 



6011-13 


17 







11 

4 

6011-15 


15 







10 

6 

6011-16 


15 






1 

14 


6011-20 


20 






13 

4 

6011-21 


14 







9 

4 

6011-27 


3 






2 

6 

6 

6011-28 


20 






3 

14 

6011-31 


16 






10 


6011-8... 

3 

9 

9 






2 



6011-10 

4 






2 


5 

6011-12.. 

1 

16 






6 

' 8 

6011-17 

1 

17 






13 


6011-30..... 

4 

12 






4 

10 


6011-5..... . . 

4 

10 


2 




2 

8 

4 

6011-2. i 


6 






6 

16 

6011-3 


9 





3 

1 

7 

7 

6011-4.... 


8 





6 



10 

6011-6..-.. 1 


16 

. 




3 

3 



14 

6011-19 _..J 


12 






.. 

8 

6011-22 ! 


11 





1 

2 

9 

5 

6011-23.. 


17 





1 

1 

14 

13 


6011-24 


14 ^ 





2 

5 

6011-25 


9 





6 

1 

10 

6 

6011-11 


8 


3 1 



6 

12 

■5 

6011-18 . 


9 


1 1 



3 


6 

10 

6011-29 


5 


4 



9 


1 

17 

6011-9 


4 




3 

6 


10 

5 

6011-32 i 


11 




1 

3 


12 

4' 

6011-1. . 


9 


1 


3 

1 

1 

7 

'5 

6011-14. .... 


2 



1 

11 

' 1 

3 


1:8 

6011-26 


4 

1 

2' 

1 














Susceptible X Susceptible 

In the cross Pale Blue X Abyssinian Yellow, all plants of both 
parents and the Fi were classed as susceptible in the material inoculaCed 
with the collection, while in the 30 F 3 lines, 3 contained only class 5 
plants, 19 contained class 5 and susceptible plants, and 8 contained only 
susceptible segregates. On the basis of the results obtained in Bison, 
Eedwing, and C. I. 391, the varieties showing some semiresistant 
plants, it is evident that the class 4 and 5 type of reaction is not veij 
sharply differentiated genetically from susceptible. Consequently, it 
is possible that the class 5 plants obtained among the progeny of this 
cross were merely fluctuations caused by environment. However, the 
absence of such plants in either parental variety suggests a truegenet- 
icah differenee, although it is impossible to give a factional explana- 
tion of the results. When tliis cross was inoculated with form 4, all 
plants of the parents, Fj and Fg lines were susceptible. 

In the cross G. I. 479 X Pale Blue, all plants of the parents, Fi, and 
of 63 F 3 lines were susceptible both to the collection and to form 4. 
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Immune X Nkae Immune 

The data on the reaction of the parents, Fi, and F3 lines of Ottawa 
770B X C. I. 416-3 are presented in table 8. 

Tabub 8. — Reaction of parents, and of Fi and F% generations of Ottawa 770B X J 1 I 6 - 
S to collection of rust in greenhouse and to form 4 

1 Plants in rust class indicated when inoculated with— 


Parent or genera- Collection Perm 4 



0 

1 

2 

3 

7 

0 

1 

2 

3 

7 


Number 

Nmriber 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 


21 





39 





c, T 


34 




34 

6 




Fi 

1 










Fa lines: 









■ 



17 





19 






, .... 

4212-12 

18 





19 





421 2-22 

20 





16 





4212-27 - 

20 





20 





421 

20 





19 





421 2"X7 - 

10 





19 





4212-2 

15 

4 




18 





421 2-6 . . . . 

12 

5 




15 

1 



1 

4212-10 --- - 

19 

1 




14 





4212-11 

12 

3 




18 




1 

4212-14 

8 

3 




18 





4212-19 

15 

2 




17 





4212-23 

17 

3 




16 

3 




4212-24., 

15 

3 




10 

4 




4212-28 

16 

4 




18 





4212-30 - 

18 

, 2 




17 

2 




4212-32 

15 

2. 




16 

1 

1 



4212-36 

10 

4 ' 









4212-15 

9 

0 




16 1 





4212-21 

i 5 

12 

1 



17 ' 

1 




4212-7 

17 




2 

13 ; 

l,i 

1 


2 

4212-13 

9 

i 



3 

17 ’ 





4212-18 

16 




4 

13 1 

7 



] 

4212-38 

U 




3 

13 ' 


2 


2 

4212-11 

12 

3 



1 

18 1 




■1 

4212-29 

14 

1 


2 ' 

3 

: 16 * 




1 ' 

4212-3 

1 ■ 

17 



■ 2 


16 



'3 

4212-25.. 


16 

2 

2 


14 

2 ! 




4212-31. 


17 

1 

1 


10 

4 1 

1 


4 

4212 8 


20 




18 

2 




4212-17 

i 



2 

15 





20 

4212-26 





13 

1 


9 

'4 

6 













In the material inoculated with the collection, 2 of the 32 F3 lines 
were predominantly susceptible although 2 plants out of the 18 in 1 
hue and 5 out of 18 in the other were placed in class 3. The single 
class 0 plant in one of these two lines may have been a natural hybrid. 
The occurrence of two susceptible lines and of susceptible segregates 
in seven other lines indicates that the near immunity of C. I. 416-3 is 
not allelic to the immunity of Ottawa 770B. Although the number of 
lines showing susceptible segregates was less than would be expected, 
the results in this cross could be explained on the hypothesis of two 
dominant factors, one conditioning the immunity of Ottawa 770B and 
the other determining the near immunity of C.' I. 416-3. However, 
since the mean number of plants in the F3 hues was 17.56, the numbers 
are too small to warrant definite conclusions regarding the number of 
factors involved. 
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Table 9 . — Correlation table showing the reaction of Fz lines of Ottawa 77 OB X C. J. 
to collection of rust in greenhouse and to form 4 


Eeaction to form 4 

Reaction to collection 

Immune, 
near im- ' 
mune ! 

^ Segre- 
gating 

Suscepti- 

ble 

Total 

Immune, near immune - 

Number 

19 

3 

Number 

1 

6 

Number 

Number 

20 

10 

1 

Segregating' ! 

1 

1 

Susceptible 

Total - 



22 

7 

2 

31 



The relation of the reaction of the F3 lines to the collection and their 
reaction to form 4 is shown in table 9. Since classes 0, 1,2, and 3 do 
not appear to be differentiated by major genetic factors in this cross, 
these four classes are combined in this case. The results indicate 
that the major factors differentiating the reaction of the F3 lines to 
the collection of rust are the same as those conditioning reaction to 
form 4. 

In the material of Ottawa 770B X (Long X E), inoculated with the 
collection, 31 F3 lines, averaging 15 plants per line, were studied and 
only class 0, 1, and 2 segregates were obtained, indicating that the 
near immunity of Long X E is allehc to the immunity of Ottawa 770B. 
The variability of the near immune reaction of Long X E made an 
exact factorial explanation of the results in tliis cross impossible. 
When these F3 lines were inoculated with form 4, only class 0, 1, and 
2 plants were again obtained. 

In the 35 F3 lines of (Long X E) X Newland, no semiresistant or 
susceptible segregates were obtained either in the material inoculated 
with the collection or with form 4, indicating that the factor condi- 
tioning immunity in Newland is allelic to a factor for near immunity 
in Long X E. A similar result was obtained in inoculations both with 
the collection and the single form of 31 F3 lines of C. I. 416“3 X 
Newland, likewise suggesting allehsm of the near immunity of C. L 
416-3 with the immunity of Newland. 

The data on the reaction of parents and F3 families of C. I. 438 X 
(Long X E) are presented in table 10. 

In the material tested with the collection, the occurrence of 6 F3 
lines out of 33 with class 5 and susceptible segregates suggests the 
possibility of genetical segregation. It is interesting to note that these 
/segregates aU occur in the progeny of one F2 family, 5163. These 
results indicate that the two Pi plants from which F2 families 5163 
and 6166 descended were not alike genetically. ^ This perhaps resulted 
from the use of a heterozygous parent in making the cross. As can 
be seen in table 10, the behavior of the F3 lines when tested with form 4 
was similar to their reaction to the collection. 

Of the 32 F3 families of C. I. 416-3 X C. I. 438 inoculated with the 
collection of rust, all the plants in 31 lines were class 0, and in the 
other family 10 plants were class 0 and 1 plant was class 1. Also, all 
plants of C. I. 416-3, inoculated as checks with this cross, were class 0. 
The average number of plants in the F3 lines in this cross was 12,75. 
When inoculated with fomi 4, all plants of C. I, 416-3 and of the 
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32 Fs families were class 0. From these results it appears that the 
near immunity of C. I. 416-3 is allelic to the immunity of C. I. 438. 

Table 10. — Reaction of parents and of Fs generation of C. I. 438 X (Long X E) 
to collection of rust in greenhouse and to form 4 


Plants in rust class indicated when inoculated with- 


Parents or generat ion 

0 

1 

Coll 

2 

eetion 

3 

5 

— 

0 

Form 4 

1 

7 


Xumber 

Aoimber 

Number 

Number 

Number 

Number 

Number 

Nu mber 

Nu inber 

r I ' ^8 

31) 






39 



rr',nn&;?Kl 

33 

3 





26 



Fj Families: 









r)i 6 fi 1 

12 






1 



fl 166-7 

24 






9 



f5166-9- - , 

34 






16 



61615-10 

31 






11 



6166-12 

19 







1. 


6166-14 . 

IS 






7 



6166-16 

22 






4 



6166-17 - 

28 






7 



6166-19 - - 

16 






1 



5163-4 .. 

12 






7 



5163-11 - 

19 



- 




3 

... 




15 



.. 



2 

.. 


6166-6 . . 

35 

1 


. 


. . 

11 


_ 

6166-8 

21 

4 



-- 


- . 



6166-13 

23 

1 




1 . .. 



12 




6166-1 - -- 

11 

2 





... 

- - 


_ 

. 

6166-3 

21 

I 





. . 

16 

1 

- 

6166-5 

16 

1 





- 

8 

2 


6166-20 

19 

3 

-- - 





7 



5163-12 

12 1 

1 





7 



5161-14 - 

IS i 

2 





7 



5163-19 - - 

26 

1 



--- 



8 


. 

5163-20 

29 

3 


. 




S 


- - - 

6166-U 

21 

3 

1 




17 



6166-18 

25 

5 

4 







6166-21.- - - . 

29 

5 

1 




4 

1 


5163-6.- . . - 

12 



2 



11 


1 

5163-8.‘ - 

17 

1 



f 1 


4 



: 1 

5163-16 

27 


1 


3 


11 


i 1 

5163-17 ... 

15 

3 



1 

f 

13 



5163-18 

25 

3 



I 

1 

10 



5163-22 

4 

4 



3 

1 

5 


2 

5163-2 

15 

1 




4 

7 

2 



Immune X Kebistant 

In the crosses involving Ottawa 770B witli Bolley Golden and Light 
Manve, only F 2 generations were studied; the dala for these crosses 
are presented in table 11. 


Table 11. — Reaction of parents arid F 2 generation of crosses of immune X resistant 
varieties to collection of rust in greenhouse 


Parent or generation 

, Plants showing indicated reaction 

0 

1 

2 

3 

5 

7 

9 

Ottawa 

Bolley Ghlden..- - 

Number 

75 

Number 

Number 

iNuiuber 

Number 

Number 

Niimber 

36 

32 

37 

70 





Fa 

448 

38 

m 

37 


4 

\ ' 24 

4 

Ottawa 770B,- 

LighMauve.. . .......... ..... 


33 

2 i 

i 

1 

5 

8 

51 





F. . 

Ottawa 770B 

Light Mauve 

Fa 

6 

6 

5 

16 : 

1 
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Tlie plants of Bolley Golden occurred in the two classes 1 and 2. 
As pointed out in the discussion of parental reaction in the greenhouse, 
it seems probable that these two classes represent fluctuations due to 
environment rather than actual genetical differences in this variety. 
Likewise, the data on parental reaction indicated that classes 6, 7, 8, 
9, and 10 did not represent true genetical differences, but rather varia- 
tions due to environment. Consequently, the analysis of the results 
in segregating populations would be facilitated by combining class 1 
and 2 into a resistant group and the last five classes into a susceptible 
group. 

On this basis, the F 2 plants of Ottawa 770B X Bolley Golden occur 
in the ratio of 448 immune: 102 resistant: 4 class 5:28 susceptible. 
Considering the class 5 and susceptible segregates together, for fit 
of the observed ratio to the theoretical 12:3:1 ratio gave a value of P 
between 0.50 and 0.70, Such a result could be explained on the as- 
sumption of a single dominant factor conditioning the immunity of 
Ottawa 770B and a single dominant factor for resistance carried by 
Bolley Golden which is not allelic but hypostatic to the factor for im- 
munity contributed by Ottawa 770B. The validity of combining the 
four class 5 segregates with the susceptible group may be subject to 
question. However, these plants are definitely more susceptible than 
the resistant group of segregates, which resemble Bolley Golden in their 
rust reaction. 

In Ottawa 770B X Light Mauve, a ratio of 169 immune: 10 resist- 
ant: 3 class 3:5 class 5:1 susceptible was obtained. Class 3 appar- 
ently represents a type of resistance and differs from class 2 of the 
resistant group only in having occasional large pustules in addition 
to the flecks and resistant type pustules. Combining the class 3 
plants with the resistant group and again considering the class 5 and 
susceptible segregates together, a ratio of 169:13:6 obtains, 
fit of this ratio to a 12:3:1 ratio is 22.418, a value greatly in excess 
of x^ for the 1 percent point. The deviation from the expected 
If ratio results from an excess of immune segregates and a deficiency 
particularly in the resistant class. Since, in this case, 2 of the 40 
Light Mauve plants were classed as immime, the excess of class 0 
segregates may have been due to escapes. To test tliis possibility, 
additional Fa plants of this cross were inoculated. In the second 
trial, a ratio of 294 immune: 52 resistant: 6 class 3:5 class 5:16 sus- 
ceptible segregates obtained. Again combining class 3 with the resist- 
ant group and class 5 with the susceptible group, x^ for fit of observed 
to a 12:3:1 'ratio gave a value of P between 0.20 and 0.30. These 
results indicate that Light Mauve carries a single dominant factor 
for resistance which is not allelic but hypostatic to the factor condi- 
tioning immunity in Ottawa 770B. 

In Ottawa 770B X C. I. 712, the Fi plants were all immune both 
when tested with the collection and with form 4. The results in the 
30 Fg lines are summarized in table 12. In this case the class 0 plants 
were considered immime and the class 1, 2, and 3 segregates were 
again combined into a resistant group, Consid ering the resistant and 
semiresistant segregates together in tire material inoculated with the 
collection, the observed ratio of 7 immune: 14 segregating : 9 not im- 
mune lines compared with the theoretical 1:2:1 ratio by means of 
X'^r gOTC a value of P between 0.80 and 0.90. The reaction of the 

■ , 32771 — 37 — —2 :■ 
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Fs lines to form 4 was similar to their reaction to the collection. 
However, two lines which showed a resistant reaction to the collec- 
tion had mostly class 0 plants when inoculated with form 4. In addi- 
tion, one line was predominantly class 0 with the collection, but when 
tested with form 4, seven of the eight plants were in class 1. It seems 
probable that these exceptions may be the result of environmental 
fluctuations rather than true genetical dift'erences. Semiresistant 
segregates in two lines both when inoculated with the collection and 
with form 4, and the susceptible segregates in two lines when tested 
with form 4, may have resulted from the lack of allelism of the fac- 
tors for resistance of C. I. 712 and the factor for immunity in Ottawa 
770B or from the segregation of minor modifying factors. No evi- 
dence was available in this cross for determining which alternative 
is correct. 


Table 12.— Correlation table showmg the reaction^ of lines of Ottmva 770 B XC. I. 
712 to collection of rust m greenhouse and to form !{■ 


Beact ion to form 4 

Bcttiction to collection— 

I 

I, B 

I, SR 

B 

Total 

I 

Number 

6 

1 

Number 

5 

6 

Number 

Number 

Number 

11 

9 

1 

1 

1 

7 

I, R 


2 

I, SB 

1 

1 

I, SR, S 




I, B, S - 


1 


B 



7 

TotaL - 




7 

12 

2 

9 

30 



1 See footnote 1, table 5. 


Only class 0, 1, and 2, and 3 segregates were obtained in the 29 F3 
lines of G. I. 712 X G. I. 438 when inoculated with the collection. 
Combining classes 1, 2, and 3 into a resistant gi’oup, the ratio of F3 
hnes was 10 itnmime: 13 segregating: 6 resistant. for fit of this 
ratio to a 1:2:1 gave a value of P between 0.30 and 0.50. Seed was 
available for testing with form 4 of only 26 of the F3 lines of this cross, 
and, of these, 14 contained only class 0 plants, 11 contained predomi- 
nantly class 0 with class 1, 2, or 3 segregates in addition, and 1 line 
contained predominantly class 1 and 2 plants with 1 class 0 plant. 
This single line seemed to resemble C. I. 712 in reaction to rust. 
These results are similar to those obtained with C. I. 438 X Newland, 
and may be explained by assuming that C. I. 438 carries at least two 
factors for rust reaction, one conditioning immunity from both the 
collection and fom 4, the other conditioning resistance to the collec- 
tion and immunity from form 4. 

The data on C. L 712 X Newland are presented in table 13. 

Of the 31 F3 families of this cross, 18 contained susceptible or class 
5 segregates, or both susceptible and class 5 plants when tested with 
the coUection... The occurrence of these class 6 and susceptible segre- 
gates indicates that the resistance of C. I. 71^ is not allelic to the im- 
munity of New'land. Further, the proportion of lines showing sus- 
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ceptible segregates suggests that not more than two pairs of factors 
were inyolved. Considering the class 1 , 2 , 3, 5, and the susceptible 
plants together, the ratio of F 3 lines was 7 immune: 14 segregating : 10 
not immune. Two of the lines classed as not immune each contained 
a single class 0 plant, but, since immunity is dominant, it is improbable 
that these plants resulted from genetical segregation. The fit of this 
observed ratio to a 1 : 2:1 is good, P lying between 0.50 and 0.70. 
Total for goodness of fit to a 3:1 ratio within the segregating F 3 
lines gave P between 0.30 and 0.50. These results are in agreement 
with, the assumption of a single dominant factor conditioning the 
immunity of Newland. The reaction of the F 3 lines to form 4 seems, 
in general, to be similar to their reaction to the collection, particularly 
when the small number of plants per line is considered. 

Tx\BLFi 13 . — Reaction of parents and of Fi and Fz generations of C. 1. 712 X Newland 
to collection of rust in greenhouse and to form 4 

Plants in rust class indicated when inoculated with— 


Parent or generation Collection Form 4 



0 

1 

2 

3 

5 

7 

0 

1 

2 

3 

5 

7 


No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

Newland.,. 

32 






38 






C.I.712 


18 

3 





— 





Fi 

9 












F 3 families: 













6154-1 

9 






1 






6154-6- 

4 












6154-8 

13 






6 






6154-9 

20 






19 






6154-14 

li 






10 






5151-3... 

7 






3 

i 





5151-9-.. 

9 






4 






6154-4 

6 




9 


11 

1 


2 


1 

6154-5 

8 





3 

1 


1 




6154-2... 



i 

3 



10 






6154-22 

5 


1 

1 





4 


3 


6154-3 

6 i 

i 




i .1 

9 

1 


i 

1 


6154-10... 

5 ! 

1 




1 

■ 7 


1 

1 



6154-12— _ 

12 

1 




1 3' 

1 12 




4 


6154-17 - 

' ' ^ 


' i 



2 







5151-11-..,-.,-- 


2 




5 

f-'g- 






5151-16 

8 



i 


2 

4 



■i 

1 


5151-6 

3 




3 

1 

1 




1 


6154-7- - 

11 


2 ■ 

1 


1 

6 






6154-16 

8 

1 


1 


1 







6154-13. — ---. - 

6 


— — 

1 

3 

3 

1 


2 




6154-11- 



1 1 






2 




.6154-23—--. - 


'7 





11 

i 

2 




5151-14... 


4 

2 





2 

4 ^ 




6154-15.-,,....-.. - 

1 ' 


, 3 ! 

i 









6154-19— ■ 


5 

4 

4 




! ■ 2 

1 

i •4 


.'■1 

6154-20--,... 


1 

3 

3 

6 

5 


i ' ■ 3 

4" 

2 

,;4 


' 515!-2-._--. ■ ' 


13 

' ^ 

1 

3 

1 

3 

! 2 

6 

^ 3 



.5.151-5.-.--. 


2 

i 1 

2 

2 

1 




!• 4 



5151-8-.,--.' ' — , 

1 

■ 2 

1 ! 


4 

2 


1 

' ' 1 

■■ ■ ' 1 



,,■5151-10 




— 

1 


2 . 

i 

.2 ■ 





Immune X Semieesistant 

In the cross Ottawa 770B_ X Eedwing the two F, plants were im- 
]nune like Ottawa 770B, while the plants of Redwing were placed in 
classes 5 and 9. The data on the reaction of 63 F 3 lines to the collec- 
tion and to form 4 are summarized in table 14. 
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Table 14 . — Correlation table shoiving the reaction^ of Fz lines oj Ottawa 770B X 

Redwing to collection of rust in greenhox/rse and to for ni Jf. 


Keaetion to form 4 

Reaction to collection - 

I 

I, SR. 

' S 

I, SR 

IS 

SR, S 

S 

ToVdl 


Nnm- 

Num~ 

Nim- 

Num- 

N'lm- 

Nnni- 

Num- 


her 

her 

her 

her 

her 

her 

ber 

I , 

15 



1 



16 

I, SB, B ' 


1 


2 



6 

1,8 ' , 



1 

19 



27 

SR, S. . 





2 


2 

S , . . - . ... . - 





7 

5 

12 









Total - . ... ----- 

15 

n 

1 

22 

9 

5 

63 


1 See footnote 1, table 5. 


The Yariability of the Redwing parent, in which both seniiresistant 
(class 5 ) and susceptible plants occurred, illustrates the difficulty of 
formulating a genetical explanation of the occurrence of the semi- 
resistant segregates. Considering the semiresistant and susceptible 
segregates together in the material inoculated with the collection, the 
ratio of the 63 F 3 lines was 15 immune: 34 segregating: 14 not immune. 
A comparison of this ratio with a 1 : 2:1 ratio by means of gave a 
P value of 0.80 to 0.90. Total for fit to a 3:1 ratio within the 
segregating F 3 families was 25.171 with 34 degrees of freedom. The 
normal deviate was — 1.09±1, indicating that the deviation from the 
expected within the segregating F 3 families was within the errors of 
random sampling. 

The principal differences between the reaction to the collection and 
to form 4 of these 63 F 3 lines were found in the semiresistant and sus- 
ceptible classes. Since the class 4 and 5 type of reaction was variable 
these differences may have represented variations due to environment. 
Considering the immune as contrasted to the not immune segregates, 
the agreement of reaction to the collection and to form 4 was nearly 
complete. One line which was segregating with the collection was 
classed as immime from form 4. These results indicate that the 
factor conditioning immunity from the collection likewise conditions 
immunity from form 4. 

The data on the reaction of theFs families of Ottawa 77()B X Bison 
are given in table 15. 

No check plants of either parent inoculated at the same time as 
the hybrid material were available in studying this cross. Immune, 
class 5, and susceptible segregates occurred in the 30 F 3 lines when 
inoculated with the collection Here again it is impossible to offer 
a factorial explanation for the occurrence of class 5 segregates. 
Combining the class 5 and susceptible segregates, the ratio of F 3 lines 
was 10 immune ; 9 segregating : 11 not immune, x^ for fit to a 1 : 2 : 1 
ratio gave a value of P between 0.05 and .010 Total x^ for fit to a 3 : 1 
ratio within the segregating F 3 lines gave a P value between 0.70 and 
0.80, a good fit of obse^ed to calculated. The reaction of the F 3 lines 
of this cross to form 4 indicates that the factor conditioning immunity 
from the collection likewise conditions immunity from form 4 . When 
these Fs lines are inoculated with form 4 , class 2 and a number oi 
class 3 segregates occurred. Likewise, Bison, in other tests, contained 
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some class 2 and class 3 plants when inoculated witli form 4. No 
factorial explanation of these results seems possible. 

Table 15. — Reaction of families of Ottawa 770B X Bison to a collection of rust 
in greenhouse and to form Jf 


Plants in rust class indicated when inoculated with— - 


Parent or 
generation 

, Collection 

Form 4 


0 

5 

7 

8 

9 

0 

2 

3 

5 

7 

F;j faniilies; 

, 

A’o. 

16 

No. 

N'o. 

.Vo. 

No. 

No. 

15 

No. 

No. 

No. 

No. 

niLS-4,. 

18 





13 





(U48-r>... .. . _ 

IS 

6 





19 





f)i48-n... 





14 





ni48-9 

14 





17 





G148-U) 

17 





12 




1 

0148-22 

3 





4 





f) 148-24 

11 


. 

........ 


12 





5145-1 

9 





8 



* — 


5145-2 

17 





19 




1 

5145-3 


1 




4 




4 

6148-3 

16 



5 


15 


1 

1 


6148-7... 

13 


2 


2 


10 


3 

2 

2 

1 

6148-8 

13 



2 


16 


1 

6148-11 

13 

13 




6 


12 




6 

61.48-18- 


... .. 


4 


12 ' 
3 


1 

3 

: 1 

6148-20 .. 

3 




9 



1 

5145-12.. 



1 




2 i 

3 



5145-17 

7 

1 



6 


i 8 


3 

2 

6148-2 - 

1 




10 

1 

3 

17 



6148-17 

1 



5 



. 0 

1 

11 

4 

6148-21. 


2 



3 





2 

1 

6148-23 


1 

7 


10 





2 

9 

5145-4 


2 



4 




3 

4 

1 

514.5-7 


6 

.. 


5 




9 

4 

5145-15 


4 



11 


1 


5 

6 


6148-12 





15 






17 

5145-5.- 











11 

514,5-10. 



6 


1 




1 

5 

5145-11 


3 







1 

' 1 









i i 





Immune X Susceptible 

In Ottawa 770B X Pale Blue and Ottawa 770B X C: I. 479, thenot 
iinmune segregates varied from class 6 to class 10. Since, as already 
pointed out, these five classes probably represent only fluctuations 
due to environment, they have been combined in the genetical analysis 
of these crosses into a susceptible group. The data on these two 
crosses when inociilated with the collection of rust are summarised 
in table 16. 


Table 1^. —Reaction of parents ^ and of Fi and F^ families of Ottawa 770B X .Pale 
Blue and Ottawa 770B X C. L 479 to collection of rust in greenhouse 


Parent or generation 

Plants or lines showing indicated reaction 

Immune 

Segregating 

Susceptible. 

Ottawa 770B . 


...plants.. 

33 





-do 



■ ■ is' 

Fi 



. 5 i 





.... lines.. 

111 

■ ;ai> 

10 

Ottawa 770B 


. ... plants. - 

38'' 



0. I. 479 - 


: .do.... 



30' 

Fa .... 


...lines.- 

13 

. 34 

17 
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In Ottawa, 770B X Pale Blue, the F, was inmuinc like Ottawa 77()B. 
Tlie. lit of the F-, lines to a 1:2:1 ratio was good, F lying between 
0 30 and O.dO, Total x“ F>r lit to a 3 : 1 ratio witlim tlie segregating 
F, lines was 33.7SS with 33 degrees of freedoni. Tlie norinal deviate 
of 0.16 ± 1 was clearly not statistically significant. Likewise, in 
Ottawa 770B X C. I. 479 , the lit of the Fj lines to the theoretical 
1 : 2:1 ratio W’as good, P lying between 0..50 and 0.70. Total x* 
for lit to a 3 : 1 ratio within‘'the segregating F 3 lines was 26.618 and 
the norinal deviate was -0.889 ±1. Thus the deviation from the 
expected ratio was again ndtliin the errors of random sampling. 
These results strongly support the hypothesis of a single dominant 
factor determining the immunity of Ottawa 770B. The relation of 
the reaction of the F 3 lines of Ottawa 770B X Pale Blue when inocu- 
lated with the collection to their reaction with form 4 is shown in 
table 17. The agreement of reaction in this cross is complete. A 

Table 17.— Correlation table showing the reaction of F 3 lines of Ottawa 770B X Pale 
Blue and Ottawa 770B X C. I. 479 to collection of rust in greenhouse and to form 4 


OTTAWA 770B X PALE BUTE 


Reaction to form 4 

Reaction to collection 

Immune 

Segregating 

Susceptible 

Total 

Immune - - • - - - - 

■ 

Number 

11 

Number 

Number 

Number 

11 

33 

10 

.Q aoTfl oro f 1 TUX 

33 


Silt<^eeptiblA 


10 

Total - 



11 

33 

10 

54 



Immune.--- 

Segregating. 

Suscseptible. 

Totai 


770B X C. I. 479 


12 

1 


13 

1 

33 


34 



17 

17 

13 

34' 

17 

64 


similar coBiparison. for Ottawa 770B X 0. 1. 479 is also shown in 
table 17. In this cross the agreement is again complete except for 
two lines. These two exceptions have probably resulted from the 
chance failure to recover recessive segregates among the progeny of 
heterozygous F 2 plants. It seems probable that, in these crosses, the 
factor for immunity from the collection of rust likewise conditions 
immunity from form 4. 

The data on the reaction to the collection of rust or the parents and 
F 2 generation of C. L 479 X Bolley Golden are presented in table IS 


Table 18 . — Reaction of parents and F 2 generation of C. I. 479 X Bolley Golden to 
collection of rust in greenhouse 


Parent or genaration 

Plants showing indicated reaction 

i 0 

1 1 

2 

7 


10 

Bolley 

Number 

Number 

Number 

Number 

Number 

Number 

0 . 1 . 



■ ',,20 

13 

35 

' ■ '5 





; ' 3 

x8 
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Combiiiing classes 1 and 2 into a resistant group and classes 7, 9, 
and 10 into a susceptible group, the F2 ratio was 246 immune : 66 re- 
sistant : 24 susceptible, for fit of this ratio to an expected ratio 
of 12:3:1 gave a value of P between 0.70 and 0.80. The results in the 
55 F3 lines are summarized in table 19. 

Table 19.— i^3 lines of C. I. X Bolley Golden, grouped according to their 
breeding behavior when tested with a collection of rust in greenhouse, and the ex- 
pected ratio on the basis of two factor pairs, one for immunity and one for resistance 


Lines showing indicated reaction ^ 


item 

I 

IR, S 

I, R 

I, S 

R 

R, S 

S 


Number 

Number 

Number 

Number 

Number 

Number 

Number 

Observed--.- — 

12 

7 

15 

10 

5 

4 

2 

Calculated 

i 

13.75 

13. 75 

6. 875 

6.875 

3.4375 1 

6.875 

3. 4375 


1 See footnote 1, table 5. 


Combining the last three classes because of the small numbers, 
for goodness of fit was 15.109, a value in excess of x^ for the 1-percent 
point. The greatest deviation of observed from calculated occurs 
in the F3 lines segregating for immune, resistant, and susceptible and 
in those segregating for immune and resistant. In the lines segregat- 
ing for immune, resistant, and susceptible, on the assunaption of two 
pairs of factors, only one-sixteenth of the plants in the line should be 
susceptible. Since the average number of plants per F3 line was only 
10.02, susceptible segregates would frequently not be obtained among 
the progeny of F2 plants heterozygous for both pairs of factors, in 
which case the line would be incorrectly classed as segregating for 
immune and resistant. Since the numbers are too small to permit 
the accurate differentiation of these two classes, it seems logical to 
combine them in the analysis, x^ for comparing the observed and 
calculated ratios after combining these two classes, and also combining 
the last three classes in table 19, gave a value of P between 0.50 and 
0.70. These results indicate that the immime strain of Bolley Golden 
carries a dominant factor conditioning immunity and a dominant 
factor for resistance to the collection of rust, the factor for immunity 
being epistatic to the factor for resistance. 

Table 20 . — Correlation table showing the reaction^ of Felines of C,L X Bolley 
Golden to collection of rust in greenhouse and to form 4 


Reaction to collection 


form 4 

r 

I, R, S 

I, R 

I, S 

R 

R, S 


Total 

T 

Number 

10 

Number 

Number 

3 

Number 

Number 

1 

Number 

Number 

Number 

14 
. 8 
10 
'8 
■;,'4 
4 
2 

T TR "p 

i. 7 

1 

1 

6 



T' B ’ 

1 

8 

1 




t'b ■ ■ " 






B- - 


■ 4,. 



R S - 







s ' 






2 

Total. 







12 

7 

12 

8 

5 

.4 

7; 2; 

,50 



1 See footnote 1, table 5. 
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Seed of 50 of the F3 lines of this cross was available also for testing 
with form 4. The relation of their reaction to form 4 with their 
reaction to the collection is shown in table 20. Although several 
deyiatious from an exact agreement occur, these differences could 
have resulted from a failure to recover recessive segregates in some 
cases owing to the small number of plants per line. 

Near Immune X Resistant 

Thirty-four F3 lines of C. I. 416~3XC. I.^ 712, averaging 11.6 
plants per line, were inoculated wdtli the collection of rust. Because 
of the overlapping of the near-immune and resistant reaction, it was 
impossible to distinguish near-immune from resistant segregates. 
Consequently, the genetic factors differentiating near immunity and 
resistance could not be determined in this cross. In addition to near- 
immune and resistant segregates, 3 of the 34 F3 lines each contained 
a single semiresistant plant and 1 line contained a susceptible segre- 
gate when inoculated with the collection. When plants of the F3 
lines were inoculated with form 4, six lines contained semiresistant and 


Table 21.— Reaction of parentSy and of Fi and Fz generations of C. 1. 712 X {Long 
X F) to collection of rust in greenhouse and to form 4 



Plants in rust class indicated when inoculated with— 

Parent or generation 



Collection 

Form 4 


0 

1 

2 3 

7 8 0 1 2 

3 

5 

7 


No. 

No. 

No. No. 

No. No. No, No. No. 

No. 

No. 

No. 

C. I. 712 

14 



10 7 




Long X E 


12 

5 

1 12 1 




F 1 ..I 

4 

1 


. .... 1 1 





9 

12 


10 4 ..... 






Long X E 

5 

12 

3 

14 1 




Fs firiniiits: 








■■ 6142-4 

3 

6 

7 1 

1 12 3 

2 



6142-6' 

1 

2 

10 4 

... . 3 ' 12 

1 



6142-8.... 

1 

3 

7 3 

12 5 

1 



6142-9,... 

1 

1 

4 1 

2 6 

1 

6 

2 

6142-2 

2 


8 4 

2 H 




6142-5 


1 

2 2 

- - 17 

3 


...... 

6142-10 


6 

6 3 

I 15 3 




6142-7 

1 

1 

9 2 

2 1 13 

2 



6142-3 

1 

2 

4 4 

1 . . . 6 5 

1 

1 


6142-1 


2 

5 1 

1 18 3 

1 



5139-2.-... 

14 



1 0 4 3 




5139-4 .......... 

18 



17 




5139-6.-.-..- 

14 



- 12 2 




5139-8--.. 

16 



.... 14 . 




5139-10 

12 ! 



9 2 * 




5139-15-.., ..... 

14 '1 



, 16 1 



1 " 

5139-17-......,,-..;.-..... 

15 



t-.-.- 14 3 



I 

5139-3,.... ....... 

11 

1 


I-- 10 1 




0139-5................. 

13 

2 


14 . 




5139-7 

3 

3 


16 




5139-9 

13 

3 


' 10 ' ■ 3 . 




5139-11 

15 

, ,1 ■ 


— — .. ■ 13 ■ 




5139-14 

12 

■ ■ 1 ■ ^ 


,4 2 




5139-16 

11 

;2" 


. ■ 1 ' ^ ...... ' 




5139-19 

3 



' ■ fi 





30 



6 ■' ....' .'.i. . 




5139-36 


-.ill' 


1 




5139-27 L.... 




12 2 





Wim 

4 


.... 8 3 




■ 6139-25.. 

12 

Aifm 


4 2 




'■ 5139-24 


6 


-w- 4 1 
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Eeaetion to the collection of rust of parents and Fi plants: A, C. I. 391 X Light Mauve; B, C, 1. 649 X 
Light Mauve; C, Light Mauve X Redwing, 
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two lines susceptible segregates. These seiniresistant and susceptible 
segregates may have resulted from the absence of allelism of factors 
conditioning near immunity and resistance in the two parents or 
from the segregation of minor modifying factors. Insufficient data 
were available in this cross for selecting between these alternatives. 

The results obtained in C. I. 712X (Long X E) are given in table 21. 

One striking feature of the reaction of the F3 lines when inoculated 
with the collection was observed. In the progeny of F2 family 6142 
the plants were predominantly class 1, 2, and 3 with a few segregates 
also in class 0. In addition, 3 lines out of the 10 showed susceptible 
segregates. On the other hand, progeny of F2 family 5139 were 
predominantly class 0, 14 of the 21 F3 families also having segregates 
in class 1 and 2. This sharp difference between F2 families indicates 
that the two Fi plants were genetically different, probably as a result 
of heterozygosity for factors for rust reaction of one or both of the 
parental lines. A similar situation obtained in the material tested 
with form 4. 

Near Immune X Semiresistant 

One cross of near immune X semiresistant, i. e.. Light Mauve X 
Redwing, was studied. When inoculated early in the fall, some plants 
of Redwing were' placed in classes 4 and 5 and some were classed as 
susceptible. However, the cross Light Mauve X Redwing was 
inoculated on November 23 -when the light intensity and duration 
were much reduced, and at this time Redwing gave uniformly a sus- 
ceptible reaction, as is seen in table 22. 

Table 22. — Reaction of parents and of Fi and F2 generations of Light Mauve X 
Redwing to a collection of rust in greenhouse 


Parent or generation 


Plants showing indicated reaction 



1 

i « 

1 

2 

3 

5 


Number 


Number 


Number 


Number 


Number 


Number 


Redwing 

Light Mauve. 


Redwing- 

Light Mauve, 
Fs-, 



18 

' 32 ' 


In the additional crosses made in 1934, a resistant plant of Light 
Mauve was used. The four Fi plants were classed as two class 2 
and two class 3 (pi. 3, (7). Thus, the resistance of Light Mauve was 
nearly completely dominant to the susceptibility of Redwing. 

Since the Light Mauve plants which descencled from the original 
parent of the F2 and F3 generations occurred in both class 0 and 
class 1, it seemed logical in the analysis of the segregating populations 
to group the class 0 and class 1 segregates. In addition, the results 
with the Fi plants indicate that class 3 was not greatly different ge- 
netically from class 2 but instead may have represented a fluctuation 
due to environment. It is interesting to note that the class 1, 2, and 3 
plants in the F2 generation made up 18.1 percent of the near-immune 
group (classes 0, 1, 2, and 3), whereas 15 percent of the Light Mauve 
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plants wore classitied as class 1. Combining the class 5 and suscep- 
tible plants, the ratio in was 138 near immune :43 semiresistant 
and susceptible, plants, for fit of this ratio to a 3 : 1 gave a value 
of P between 0.50 and 0.70. This indicates that a single major factor 
pair differentiates Light Mauve and Redwing as regards reaction to 
the coUeetion of rust. Twenty-six Fg lines, averaging 7.63 plants per 
line, were studied and a ratio of 11 near iminune:7 segregating : 8 
semiresistant and susceptible F3 lines was obtained, for fit to a 
1:2:1 ratio gave a value of P between 0.02 and 0.05, such a deviation 
being expected only 2 to 5 times out of 100 trials due to chance alone. 
However, with the small number of plants per F3 line, it is probable 
that some lines were incorrectly classified, particularly those classed 
as near immune because of failure to recover the expected recessive 
segregates. Insufficient seed of the F3 lines of this cross was available 
for testing with form 4. 

Resistant X Semiresistant 

The data on rust ' reaction of the parents, and of the F, and Fj 
generations of Light Mauve X Bison are presented in table 23. 


Table 23 . — Reaction of pa 7 'enis and Fj and F 2 generations of Light Mauve X Bison 
to collection of rust in greenhouse and to form 4 


Plants showing indicated reaction when inoculated with- 


Parent or generation 

1 Collection 

Form 4 



2 

i 

3 

1 

5 

7 

0 

1 

2 : 

3 

5 

7 

Light Mauve 

iVETO-j 

her 

1 

Num-\ 
her ' 
6 1 

Num- 

ber 

Num- 

ber 

Num- 

ber 

Ntm-\ 
her ' 
4 

Num- 

ber 

24 

Num- 

ber 

6 

Num- 

ber 

Num- 

ber 

Num- 

ber 

Bison---- 



■■ 2 : 

8 

9 


y 

26 

1 

Pi^., 

i ‘ 

3 

1 i 

1 

1 




Fs - 

13 : 

90 

22 

15 

6 

9 

89 

62 

6 

n 







in tlie material inoculated with the collection, the five Fi plants 
were placed in classes 1, 2, and 3 (pi. 2, £7), the resistance of light 
Mauve being almost completely dominant over the semiresistance of 
Bison. The overlapping of Bison and the Fj in class 3 was a source 
of difRculty in analyzing the data, particularly in the F2. On the 
basis of parental reaction, 10.5 percent of the plants of the genotype of 
Bison should occur in class 3, If the 21 plants in classes 5 and 7 are 
used as the basis for calculating the F2 plants with the same genotype 
as Bison, 2.5 of the class 3 plants should be of that genotype. Com- 
bining the remaining class 3 plants with the resistant group, since the 
data on Fi indicates that part of the heterozygous plants will also be 
in class 3, the ratio w^as 122.5:23.5. for fit of this ratio to a 3: 1 gave 
a value of P slightly above 0.01 . Twenty-nine F3 lines were inoculated 
with the collection and a ratio of 9 resistant : 12 segregating : 8 semi- 
resistant and susceptible lines was obtained. Five of the eight lines 
classed as semiresistant and susceptible contained class 3 plants, but, 
since class 3 plants also occur in Bison^ this seemed legitimate. When 
this ratio w^as compared with a 1:2:1 by means of x^ P was between 
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0.50 and 0.70. Tlie results in indicate tha,t, altliongii tlie deviation 
from the expected was rather large in F2, Light Mauve is probably 
difteventiated fron^^ Bison by a single iruijor factor (auditioning 
resistance to the collection of rust. 

Since classes 0, 1, ^ plants occurred in Light Mauve when tested 

to form 4j these were combined in analyzing the F2 data on reaction 
to form 4. Likewise, classes 3 and 5 both were found in Bison and 
these two classes were also combined in F2. This gave a ratio of 
160:17. for fit of this ratio to 15:1 gave a value of P between 0.05 
and 0.10, suggesting that the resistance of Light Mauve to form 4 may 
be conditioned by duplicate factors. Unfortunately, insufHcient seed 
of the F3 lines was available for a satisfactory test of their reaction 
to form 4, Therefore it was impossible to draw definite conclusions 
regarding the inheritance of resistance to form 4 in this cross. 

The reaction of the parents, Fi and F2 generations of C .1, 391 X Light 
Mauve to the collection, is given in table 24. 

Table 24.— Reaction of parents and of Fi and F 2 generations of C. I. S91 X Light 
Mauve to collection of rust in greenhouse 



1 Plants showing indicated reaction 

Parent or generation 

1 





1 

1 

2 

3 

5 

7 


C. I. 391 

Number 

Number 

Number ' 

Number 

14 

Number 

16 

Light Mauve. 

■ ^ 

26 



4 


1 


F 2 

9 

67 



11 

14 

10 




All plants of Light Mauve were placed in classes 1 and 2, while the 
plants of 0. 1. 391 were placed in classes 5 and 7. Of the five Fi plants, 
four were placed in class 2 (pi. 3, A) and one was placed in class 5. 
Since C. I. 391 was used as the female parent, it is probable that this 
single class 5 plant wns selfed C. I. 391 rather than a hybrid. In the 
F2, combining class 3 with the resistant group and considering classes 
5 and 7 together, a ratio of 87 resistant : 24 semiresistant and sus- 
ceptible plants is obtained. The fit to a 3:1 ratio is good, P lying 
between 0.30 and 0.50, thus supporting the evidence of a single 
dominant factor conditioning the resistance of Light Mauve to the 
collection. 

Resistant X Susceptible 

Two cznsses of resistant X susceptible, involving Bolley Golden 
with Pale Blue and with Abyssinian Yellow were studied. All plants 
of Bolley Golden inoculated as checks with these crosses were placed 
in classes 1 and 2, whereas all check plants of Pale Blue and Abyssiiiian 
Yellow were in class 7 . The hybrid plants, both in F2 and Fg, occurred 
in classes 1, 2, 6, and 7. In the analysis of the data, classes 1 and 2 
were combined into a resistant group, while classes 6 and 7 were 
considered as susceptible. This seemed logical not only on the basis 
of parental reaction, but also because of the sharp difference between 
the segregates of the two different groups. The data on the reaction 
of these two crosses to the collection of rust are summarized in table 25. 
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Tabi;e 2A.—R£0:dwn of parents and of Fu Fa, and F:? gcmo'atiom of BMpf Golden 
X Pale Blue and BoUeu Golden X Abyssinian Yellow to coUeciion of rust in 
greenhouse 


Parent or generation 


Bolley Golden-..,. 

Pale Blue 

Pi--— 

Fa..— 

F, 

Bolley Golden 

Abyssinian Yellow 

F'l 


F2,. 

F;i,. 


Plants or lines showing indicated reaction 



Resistant 

Segregating 

Susceptible. 

.plants.. 
do - 

76 




70 

do.__. 

4 


__do 

225 


73 

..lines.. 
plants., 
do . 

51 

16 

9 



34 

<lo 

3 


..do 

109 


36 

13 

..lines.. 

12 

8 


In both crosses, the Fj plants were resistant (pi. 2, A and B). In the 
F2 generation of Bolley Golden X Pale Blue, fit ^ ^‘A ratio 

gave a value of P between 0.80 and 0.90. Coniparing the ratio of F3 
lines to 1:2:1 by means of x' gave, in this case, a value of P between 
0.80 and 0.90. The total x*'^ for fit to a 3 : 1 ratio within the segregating 
F3 lines w^as 5.351 and P was in excess of 0.99. Such a good fit is 
expected less than once in 100 trials. However, the number of plants 
per F3 line was only 10,3 and such a low x^ value may have resulted, 
in part at least, froxn the small numbers. 

In the F2 generation of Bolley Golden X Abyssinian Yellow, x^ for 
fit to a 3:1 ratio gave a P value between 0.95 and 0.98. When the 
ratio of F3 lines was compared with a 1:2:1 ratio, P lies between 0.01 
and 0.02. However, the average number of plants per F3 line w^as 
only 10.4. Therefore, susceptible segregates would not always be 
recovered in the progeny of heterozygous F2 plants, in which case the 
lines would be classed as resistant. Total x^ for fi.t to a 3 : 1 ratio within 
the segregating Fy lines gave a P value between 0.98 and 0.99. Also 
in this case the low x^ value may have resulted from the small number 
of plants in the F3 lines. The preponderance of evidence in these two 
crosses is in support of the assumption of a single dominant factor 
conditioning the resistance of Bolley Golden to the collection, a 
hypothesis suggested by the results obtained in Ottawa 770B X Bolley 
Golden. Material of these two crosses was likewise tested with form 
4, and the data on the reaction of parents and Fi and F2 generations 
are given in table 26. 


Table 26 . — Reaction of parents , and of Fi and F2 generations of BoUey Golden X 
Pale Blue and Bolley Golden X Abyssinian Yellow to form 4 


Parent or generation 

Plants showing indicated reaction 

0 

1 

2 

7 

Bollev Golden ........ ... 

Number 

20 

Number 

Number 

Number 

Pale Blue : .. ... . ... 



■ ■■■; ,18 

■ ........... ' . 

4 



Bollev Golden .... 


14 

4 


Pale Blue'.. ' .. 



■ "18 

7 Ft....... ■ ... 


42 

103 

39 

Bolley Golden.. ... 


34 

3 


Abyssinian Yellow 



'38 

,53 

Ft.. 


, 64 

62 
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The 20 plants of Bolley Golden that were progeny of the plant used 
in the cross mth Pale Blue in the summer of 1934 were all class 0 when 
inoculated with form 4. Likewise, the four Fi plants were class 0. 
The 18 plants of Bolley Golden which were progeny of the original 
parent of the cross from wliich the F2 material of Bolley Golden X Pale 
Blue descended were placed in classes 1 and 2. All plants of Pale Blue 
were in class 7, i. e., susceptible. Combining the class 1 and 2 segre- 
gates in F2 into a resistant group, the ratio was 145:39. for fit of 
this ratio to 3:1 gave a P value between 0.20 and 0.30. In Bolley 
Golden X Abyssinian Yellow, combining classes 1 and 2, a ratio of 
126 :53 was obtained, for fit to a 3 : 1 ratio gave a P value between 
0.10 and 0.20. 

The association of the reaction of the F3 lines of Bolley Golden X 
Pale Blue to the collection with their reaction to form 4 is shown in 
table 27, It can be seen from these data that the agreement is almost 
complete. In the one line classed as resistant to the collection and 
segregating with form 4, only nine plants were tested to the collection. 
Likewise, in the two lines classed as segregating with the collection 
and resistant to foimi 4, only six and four plants, respectively, were 
tested with form 4. A similar situation is shown in table 27 for the 
P3 lines of Bolley Golden X Abyssinian Yellow. 

Table 27 . — Correlation table showing the reaction of Fs lines of Bolley Golden X 
Pale Blue and Bolley Golden X Abyssinian Yellow to collection of rust in green- 
house and to form, 4 

BOLLEY GOLDEN X PALE BLUE 


Reaction to collection 


Reaction to form 4 


Resistant 


Segregating 


Susceptible 


Total 


Resistant - . _ 
Segregating.. 
Susceptible. 

Total . 


Number 


Number 


Number 


Number 


,8 

11 

9 


28 


BOLLEY GOLDEN X ABYSSINIAN YELLOW 


Resistant - _ 
Segregating. 
Susceptible. 

Total, 


5 



r. 

1 

6 


7 



9 

■ 9 

6 

' 6 


21 


In the one line classified as i^esistant to the collection and segre- 
gating with form 4, only eight plants wcTe tested to the collection. 
These results indicate that the factor which conditions the resistance 
of Bolley Golden to the collection also determines its resistance to 
forniA'. 

Semiresistant X Susceptible 

The data on reaction of parents and Fi and Fg generations of C. I. 
479 X Bison and Pale Blue X Bison to the; collection, are sunimarized 
'in.table^.28.. 
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Table 28 . — Reaction ^ of parents and of Ft and Fz generations of C. I. 479 X Bison 
and Pale Bine X Bison to collection of rust in greenhouse 


Parent or generation 

Number of plants or lines showing 
indicated reaction 


SR 

SR, S , 

S 

C. T. 479._.. plants- 

■Rit;or! -..dO---- 

26 


33 

11 

Fi- do--. 

F> -lines.- 

Pale Blue — . . - - - - -plants, - 

Bison --do 

Fi - do--- 

F 3 . lines. _ 

i i 

7 



20 

27 

4 
40 
33 

5 
37 






1 See footnot e 1. t.oble 5. 


In C. I. 479 X Bison, all of the plants of C. I. 479 were classified as 
susceptible. The plants of Bison varied from semiresistant to sus- 
ceptible and the four Fi plants were placed in class 5, indicating dom- 
inance of semiresistance in this case. Of the 31 F3 lines stuclied, 7 
contained only semiresistant (class 4 and 5) plants, 20 contained 
both semiresistant and susceptible segregates, and 4 were classed as 
susceptible. One of the four susceptible lines also contained a single 
class 5 plant which might have resulted from genetical segregation or 
which might have been a natural hybrid. In view of the variability of 
Bison from semiresistant to susceptible, an attempt to give an exact 
factorial explanation of the results obtained in this cross does not 
seem expedient- When these F3 lines were inoculated with form 4, 
class 3 segregates occurred in 10 of the lines. Likewise, 4 of the 34 
plants of Bison were placed in class 3. Again no factorial explanation 
of the results could be given. 

All of the plants of Bison, Pale Blue, and the Fi of the cross Pale 
Blue X Bison were classed as susceptible. This behavior of Bison is 
unique so far as these studies are concerned, although Flor {&) re- 
ported Bison as susceptible in his studies of greenhoiise reaction. 
The variability of the reaction of Bison from semiresistant to sus- 
ceptible in other inoculations in this experiment indicates that its 
reaction may be readily influenced by the environment. Therefore, 
it is perhaps not surprising to find conditions under which all plants 
of Bison are susceptible. In the 64 F3 lines of this cross, 27 contained 
both class 4 and susceptible plants, the remaining 37 lines being sus- 
ceptible. Again, in this cross, it does not seem possible to give a 
factorial explanation of the results. 

Crosses Involving C. I. 649 

Since the analysis of the reaction of the check plants of C. I. 649 
showed that this variety was quite variable in its rust reaction, it 
seemed desirable to discuss the crosses in which it was involved 
together. 

The reaction of the parents and F2 generation of Ottawa 770B^^^^^^X^ 
C. I. 649 to a collection of rust is shown in table 29. 

The plants of 0. I. 649 ranged in reaction from class 1 to class 5. 
Combining these four classes in the P2 generation, the Fg plants are 
found to occur in the ratio of 426:134:31. for fit of this ratio to a 
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12:3:1 gave a value of P between 0.02 and 0.05. Thus a deviation 
as great or greater than tliis would be expected by chance only 2 to 5 
times in 100 trials. 


Table 29,— Eeaction of 'parents and F 2 generation of Ottawa 770B X C. I, 649 
to collection of rust in greenhouse 


, 

Parent or generation 

' i 

Plants showing indicated reaction 

0 i 

1 1 

2 

3 

5 

7 . ' 

Ottawa 770B 

Number i 
75 < 

Number 

Number 

Number 

Number 

Number 

C. I. 649 


8 

5 

35 

20 1 


Fo - - 

426 : 

i 

Tt 

6 

51 

50 ! 

I 

31 





In the crosses involving C. I. 649 with Light Mauve and with the 
three semiresistant varieties, Bison, Redwing, and C. I, 391, consider- 
able killing of the hybrid material as w^ell as the plants of C. I. 649 
occurred in the incubators when an incubation period of 48 hours was 
used. All material of these crosses was rejjlanted and an incubation 
period of 24 hours was used. Almost no injury occurred with this 
shorter period in the incubators. However, this necessity of re- 
planting reduced the supply of seed so that insufhcient seed was avail- 
able for testing with form 4. The reaction to the collection of rust 
of parents, Fi, F2, and F3 generations of these crosses is summarized 
in table 30. No factorial explanation can be given for the results in 
these crosses, although it seems probable that multiple factors were 
involved in determining the type of reaction of C. I. 649. 


Table 30 . — Eeactim ^ of parents^ and of Fi, F 2 , ond generations of crosses 
involving C, I. 649 to collection of rust in greenhouse 



, CORKELATION OP PlELD' ANI) .GREENHOUSE REACTION 

For the plant breeder, a knowledge of the extent of Gorrelation of 
field reaction with the rust reaction of young plants in the green- 
house is of considerable importance. The reaction of the parents 
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both under field conditions and in the greenhouse has already been 
discussed. Two varieties, Long X E and C. I. 416™3, which showed 
a near-immune reaction in the greenhouse, and C. 1 . 712, resistant 
under greenhouse conditions, were immune in the field. The reaction 
of the other varieties in the greenhouse was comparable to their field 
reaction, except C. I. 649, which was somewhat less resistant in the 
greenhouse than in the field. 

The critical test of whether the same genetic factors govern field 
and greenhouse reaction is aflorded by a study of hybrid material. 
Such information was available in only two crosses in this study. 
Progenies of 54 of the 55 F 2 plants of Ottawa 770B X Pale Blue, 
which were studied in the field, were inoculated in the greenhouse- 
bo th with the collection and with form 4. Of the 44 P 2 plants that 
were immune in the field, 11 had onty immune progeny in the green- 
house, while the progeny of 33 plants segregated for immune and 
susceptible. The 10 F 2 plants that were susceptible in the field had 
only susceptible progeny in the greenhouse. The rust reaction in the 
field of 99 F 3 lines of Ottawa 7 7 OB X Redwing has been discussed. 
Seed was available for testing in the greenhouse of 92 of these lines 
and they were inoculated with form 4. The relation between the 
field reaction and the reaction to form 4 of the Fs lines is shown in 
table 31. 


Table SI.— Correlation table showing the reaction of F'i lines of Ottawa 770B X 
Redwing to rust in the field and to form 4 in the greenhouse 


Reaction to form 4 

Lines showing indicated field reaction 

Imnmne 

Segregating 

Rusted 

1 Total 

Tmmnnft . __ 

Number 

27 

Number 

2 

42 

Number 

Number 

29 

42 

21 

Segregating 


Ruste'd— 


21 

, To tel - 



27 

44 

21 

1 

92 



The results obtained in these two crosses indicate that the same 
genetic factor conditions the immunity of Ottawa 77 OB in the green- 
house and in the field. 

DISCUSSION 

A summary of the reaction to the collection of rust in intercrosses of 
the immune, near-immune, and resistant varieties and the stiggested 
genotypes of these varieties are presented in table 32. 

The results obtained in all of these crosses except those involving 
Long X E can be explained by assuming factors in two difi'erent 
allelic series, in which L and M are duplicate factors conditioning 
hnmunity from the collection, i” and m” are duplicate factors con- 
ditioning near immunity, being allelic to i and allelic to M. 

and are duplicate factors conditioning resistance to the collec- 
tion, l[ being allelic to L and l'^ and being allelic to M and m’^. 
On this basis, susceptible segregates or varieties would carry the 
recessive allels in each series and would be of the genotype ll mm.. 
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Table 32. — Summary of the reaction to the collection of rust in intercrosses of 
immune, near-immune, and resistant varieties and the suggested genotypes of these 
varieties 


Variety and 
genotype 


C. I. 438 LL 

Newland ll 
' MM. 

C. I. 41B-3 ll 

Long X E 


C. I. 712 
mm. 


Bolley Golden 


Light Mauve- 


Ottawa 770B 

LL mm 

C . I. 438 LL m’-m^ 

Newland U MM 

P 

1 

1 

1 

Immune-- 




Immune and sus- ' 
ceptible. 

Immune, near im- 
mune, and sus- 
ceptible. 

Immune and near 
immune. 

Immune, resist- 
ant, and a few 
semiresistant. 

Immune, resist- 
ant, and sus- 
ceptible. 

do 

j 

Immune and re- 
sistant. 

Immune. 



Immune and 
near immune. 

do 

Immune, resist- 
ant, and sus- 
ceptible. 

j 

Immune, near 
immune, and 
a few suscep- 
tible. 

Immune and re- 
sistant. 

Immune and 
near immune. 

Near immune, 
resistant, and 
a few suscep- 
tible. 

i 




i 




Long X E 

Inin 


Near immune, 
resistant, and 
susceptible. 


The proportion of susceptible segregates in the cross of Ottawa 
7 7 OB X Newland indicated that the immunity of these two varieties 
wasj in each case, conditioned by a single dominant factor, the factors 
in the two varieties not being allelic. Studies of seven other crosses of 
Ottawa 770B with resistant, semiresistant, and susceptible varieties 
confirmed the assumption of a single dominant factor for immunity 
in Ottawa 770B. Likewise, the results in C. I. 712 X Newland sub- 
stantiated the assumption of a single dominant factor conditioning 
the immunity of Newland, On this basis, the genotype of Ottawa 
77 OB could be written LL mm and that of Newland ll MM, The 
occurrence of susceptible segregates in C. I. 416~3 X Ottawa 770B 
indicated that C. I. 416-S did not carry a factor for near immunity 
allelic to L while the absence of such segregates in C. I. 416-3 X New- 
land suggested that C. I. 416-3 carried the factor in^ for near immunity 
which was allelic to the M factor carried by Newland. 

Susceptible segregates were obtained in C. I. 712 X Newland, 
suggesting that C. I. 712 did not carry a factor for resistance allelic 
to the M factor of Newland. In Ottawa 770B X C. I. 712, a few 
semiresistant segregates obtained. These could have resulted from 
the segregation of minor modifying factors with C. I. 712 carrying 
the V factor for resistance allelic to the factor of Ottawa 770B. On 
this assumption, susceptible segregates would be expected in C, I. 
712 X C. I. 416-3. Actually, a few semiresistant and susceptible 
segregates were found in this cross, but fewer than would be expected 
on the hypothesis. It is possible that these segregates were likewise 
conditioned by modifying factors and that these two varieties carried 
a factor for resistance not allelic to either L or M. However, the 
evidenca is not conclusive. 

Results in the crosses of C. I. 438 with Ottawa 770B and Newland 
suggest that C. I. 438 cairied the same factor that conditions the 
immunity of Ottawa 770B and a factor for resistance, which was 
allelic to the M factor cairied by Newland. Thus the genotype of 
C. I. 438 would be LL mfmf. This was further substantiated by the 
results in crosses of C. 1. 438 with C. I. 712 and C. I. 416-3. No 
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semiresistant or susceptible segregates obtained in either of these 
crosses. The behavior in crosses involving Long X E was not entirely 
consistent. No susceptible segregates were obtained either in crosses 
of (Long X E) X Newland or Ottawa 77 OB X (Long X E)^ sug- 
gesting that Ijong X E carried factors allelic to both the L and M 
factors. On this basis, no susceptible segregates would be expected 
in crosses of Long X E with C. I. 438 or C. I. 712, whereas susceptible 
segregates were obtained in both crosses. Results in both of these 
crosses indicated that one or both parents used in making the crosses 
were heterozygous, a fact which might have accounted for the sus- 
ceptible segregates. 

Crosses of the resistant strain of Light Mauve with two semi- 
resistant varieties, Bison and C. I, 391, indicated that a single 
dominant major factor determined the resistance of Light Mauve. 
Likewise, the results in crosses of the resistant strain of Bolley 
Golden with the twn susceptible varieties, Pale Blue and Ab^^ssinian 
Yellow, were explained by the assumption of a single dominant 
factor conditioning the resistance of Bolley Golden. In crosses of 
these two varieties with Ottawa 77 OB, about one-sixteenth of the 
Fa segregates were semiresistant or susceptible, indicating that the 
factors for resistance carried by these two varieties were not allelic 
to the L factor conditioning immunity in Ottawa 77 OB. No crosses 
were available either for determining whether these two resistant 
varieties, Light Mauve and Bolley Golden, carry the same factor for 
resistance or for determining the relationship with the M factor of 
these factors for resistance. 

The immune strain of Bolley Golden was found to carry a single 
dominant factor for immunity and another dominant factor condi- 
tioning resistance which was hypostatic to the factor for immunity. 
The results in the cross of the near-immune strain of Light Mauve 
with Redwing suggested a single factor difference between these two 
varieties as regards reaction to the collection of rust. No crosses 
were available for studying the relation of the factors carried by 
these two strains with the factors for immunity, near immunity, or 
resistance contributed by the other varieties studied. 

A definite factorial explanation could not be given for the inherit- 
ance of the C. I, 649 type of reaction. The results suggested that 
multiple factors might be involved. Likewise it was impossible to 
place the inheritance of the semiresistant type of reaction on a 
definite factorial basis. 

SUMMARY 

The nature and interaction of genes conditioning different types of 
reaction to rust and the relationship of genes conditioning the same 
type of rust reaction in different varieties was studied with physiologic 
form 4 and a collection of rust. Thirty-seven crosses involving 17 
strains and varieties of flax were used in these studies. 

In the field studies, Ottawa 770B, C. I. 438, Newland, Long X E, 
G. I. 416“3, C. I. 712, and one strain of Bolley Golden were found to 
be immune from rust. One strain of Bolley (Golden and the varieties 
Light Mauve and C, I. 649 were resistant, Bison and Redwing were 
semiresistant, and C. I. 391, Pale Blue, and Abyssinian Yellow were 
moderately susceptible. The immunity of Ottawa 770B in the field 
was conditioned by a single dominant factor. 
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In the greenhouse studies with the collection of rust, Ottawa 770B^ 
Newland, C. I. 438, and one strain of BoUey Golden were inaniune. 
Long X E, C. L 416-3, and one strain of Light Mauve were near 
inimune. C. I. 712 and strains of Bolley Golden and Light Mauve 
were resistant. Bison, Redwing, and C. I. 391 were seiniresistant 
and Pale Blue and Abyssinian Yellow were susceptible. C. I. 649 
gave a mixed reaction varying from resistant to semiresistant. 

Immunity was dominant to near immunity, resistance, and sus- 
ceptibility, and resistance w^as dominant to semiresistance and 
susceptibility in the crosses used in this study. 

The reaction to the collection of rust of crosses involving Ottawa 
770B, Newland, C. I. 438, C, I. 416-3, and C. I. 712 was explained 
by assuming factors in two different allelic series, L and M. L and M 
are duplicate factors conditioning immunity. and m” condition 
near immunity, Z” being allelic to L and nF allelic to M. F and wl 
condition resistance to the collection, being allelic to L and i” and 
allelic to M and m^. On the basis of this hypothesis, the genotype 
of Ottawa 770B is LL mm; Newland, ll MM; C. I. 438, LL tyFtyF; 
C. I, 416-3, ll and C. I. 712, mm. 

Results in crosses involving Long X E indicated that it probably 
carried the F and nF factors. The occurrence of susceptible segre- 
gates in C. I. 438 X (Long X E) and C. I. 712 X (Long X E) may 
have resulted from heteroz^^gosity of the parental material. 

A single major factor apparently conditioned resistance to the 
collection both in the resistant strain of Light Mauve and in Bolley 
Golden. Grosses with Ottawa 770B indicated that neither of these 
varieties carried a factor for resistance allelic with L, No crosses 
were available for determining the relationship of the factor or factors 
in these varieties with the M series of allels. 

The immune strain of Bolley Golden carried two factors, con- 
ditioning immunity and resistance, respectively, to the collection, 
A single major dominant factor conditioned the near immunity of 
the strain of Light Mauve to the collection. No data were available 
for determining the relationship of factors in these two strains with 
L or M series of allels. 

No factorial explanation could be given for the inheritance of the 
C. I. 649 type of reaction or of the semiresistant reaction. 

Reaction of the parents to form 4 was similar to their reaction to 
the collection. Bison and 0. I. 649 seemed somewhat more resistant 
and Redwing and C. I. 391 somewhat more susceptible to form 4. 
This difference may have been conditioned by environmental factors. 

In general the reaction of hybrids to form 4 was similar to their 
reaction to the collection. Results indicated that the same factors 
conditioned the immunity of Ottawa 770B and Newland ^from the 
collection and from form 4. The factors determining immunity 
and resistance to the collection in crosses involving the immune 
strain of Bolle}^ Golden likewise conditioned immunity and resistance, 
respectively, to fonn 4, In hybrids involving the resistant strain of 
Bolley Golden, the same factor conditioned resistance both to the 
collection and to form 4. There was evidence that the factor of 
C. I. 438, which conditioned resistance to the collection, determined 
immunity from form 4. Two duplicate factors appeared to be 
conditioning the resistance of Light Mauve to foim 4. Howmver, 
this evidence was not conclusive. 
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The factor conditionirig the immunity of Ottawa 770B in the 
field also determined its immunity in the greenhouse both when 
inoculated with the collection and with form 4. 
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TWIG LESIONS AS A SOURCE OF EARLY SPRING 
INFECTION BY THE PEAR SCAB ORGANISM ' 

By J, R. Kienholz, junior pathologist^ Division of Fruit and VegetahU Crops and 
Diseases, Bureau of Plant Industry, United States Department of Agriculture; 
and Leboy Childs, superintendent. Hood River Branch Experiment Station, 
Oregon State Agricultural College^ 

INTRODUCTION 

Pear scab (Venhiria pyrina Aderh.) has been known to be present 
in the Hood River Valley of Oregon for the last 20 years but has become 
of commercial concern only since 1932. During that year two pear 
{Pyrus communis L.) orchards produced as much as 80 percent of 
scabby fruit, and in 1934 plantings at a distance of nearly 2 miles 
from the original infection centers showed some scab. The disease 
has increased also in parts of southern and western Oregon and western 
Washington. 

In the course of experiments for scab control in the Hood River 
Valley, conducted by the writers, several new facts concerning the life 
cycle of the pear scab organism in relation to control measures were 
established. The early dispersal of conidia from overwintering scab 
lesions on twigs, the effect of spray materials in relation to tliis phase 
of the disease, and the comparative importance of conidia and asco- 
spores in initiating primary infections are especially worthy of consid- 
eration in this connection. 

TWIG INFECTION 

HISTORICAL REVIEW 

Frequent reference has been made to shoot infection on trees since 
Aderhold {!) ^ first described pear scab as occurring on young branches. 
English writers generally agree that conidia produced from this type 
of carry-over are almost entirely responsible for primary spring 
infections, and that ascospore discharge from leaf material is of only 
minor importance (o, Iff). The more outstanding contributions are 
reviewed by Marsh (f 4)- Australasia, wmrkers generally have found 

that ascospores appear to be more important in initiating primary 
infections than conidia produced by the fungus overwintering on the 
young shoot growth. Data substantiatmg this view are found in 
publications by Cunningham (8), Curtis (4), Hearman (fO),andPitt- 
man {16) and in additional references cited in these papers. Dowson 
(d), however, emphasizes the importance of twig lesions as a source of 
infection at the time when sprayings are practically over. 

5 Received for publication July 31. 1936; issued December 1937. Cooperative investigation of tbe Division 
of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, 
and tbe Oregon Agricultural Experiment station. 
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worthy, of the Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, U. S. Depart- 
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V ery few piiblislied data have appeared in the United States, especially 
ill recent years, on the twig phase of pear scab, or on entirely effective 
control measures. Duggar (7) has given a general survey of earlier 
work in this country, and Heald (P) has supplemented it. Smith {17) 
found that under California conditions primary infections were due to 
spores liberated from scab pustules on wood growth of the past season. 
His observations and experimental work were substantiated by the 
results of commercial field tests for the control of the disease. Thomas 
{lS)j however, concluded that ascospores are the principal source of 
primary infections in California since a search in commercial orchards 
in 1929 revealed that the great majority of the current season’s lesions 
had been circumscribed by a cork layer before the end of the growing 
season. 

Differences of opinion appear to exist also among investigators of 
the Pacific Northwest. Fisher and Newcomer (S, p. 7) state: 

In the treatment of pear scab it is important to dispose of all possible sources of 
infection, and to this end twig cankers, if present, should be removed in pruning 
and the infected wood burned. Some disposition should also be made of fallen 
leaves which harbor the fungus over winter, and which are the most important 
source of earl} spring infection. 

Although not ignoring the function of this ascospore material, 
Jackson {11) pointed out that the disease was more difficult to control 
in Oregon where twig infections were present, and that several seasons 
might be required to rid the orchard of this source of infection. 

Other than a brief statement by Marsh {14) on twig scab control, 
the writers’ preliminary report {15) appears to constitute the only 
record of the effect of sprays on this phase of the disease. Patholo- 
gists have tended to base control recommendations on results obtained 
with the closely related apple scab, but such recommendations have 
sometimes been found of doubtful application to pears, especially in 
relation to twig lesions as overwintering sources of infection. 

VARIETAL SUSCEPTIBILITY 

Approximately half the pear acreage of the Hood River Valley is 
planted to Anjou, a variety very susceptible to twig attack. Easter 
Beurre (planted mainly as a pollinator), Flemish Beauty, anti Forelle 
are also very susceptible, but they constitute a minor portion of the 
plantings in this locality. 

F’ruit of the Bartlett, the second leading variety, is often slightly 
affected, especially when interplanted among other heavily infected 
trees, but twig infections are extremely rare. Bose is intermediate 
between Anjou and Bartlett in respect to both fruit and twig attack. 

The fact that various degrees of susceptibility have been assigned 
to these same varieties in other regions indicates that environmental 
responses or specialized strains of the organism may exert an influence 
on infection. 

In a small planting bordering the Hood River Valley, Bartlett twigs 
have been found severely scabbed. The greater precipitation and 
humidity in this section appear to be the factors that allow the parasite 
to attack this variety so severely. 

CYCLE OP INFECTION 

New growth of susceptible twigs may be infected at any time during 
the growing season, but infection occurs more commonly in the Hood 
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River Valley diiriiig spriiig inontlis when rainfall is frequent. During 
spring and siinriner months, new lesions a-ppear nierely a, s small blister- 
like cushions, often with a prominent lenticular spot at their centers, 
or on certain varieties as shallow spore-producing stromata. Occa- 
sionally the host forms a corky layer beneath the cushion or stroma 
and partially sloughs it off during the current season. This type is 



Fir, URE l.—Poar scab on Anjou twigs. Mifidle twig shows depressions remaining on 2-year-old wood after 
tile scab spots have been sloughed off. From material collected during may. 

more easily seen, appearing as a small cankerlike injury. After the 
primary establishment of the fungus it usually remains more or less 
inactive until winter, when the trees become dormant. Active en- 
largement of the fungus fruiting structure then occurs, and by early 
spring conidial formation has started. Dissemination of these conidia 
takes place during rainy periods throughout the season or until the 
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])ustiiles become sloiiglied off by renewed tree activity. (For a 
detailed account of tlie liistological features of this cycle, see Marsh's 
article ( 14 )) which is substantiated by the writers' observations.) 
These twig infections (fig. 1) are generally sloughed off during the 
growing season or before the tree again becomes dormant, although 
occasionally a few remain partially attached and contain viable 
conidia the next season. In this case the fungus penetrates the host 
barrier and may form a new pustule unless a second abscission layer 
is successful in arresting its growth. Oftentimes 4- and 5-year-old 
wood still shows evidence of previous infections in the form of circular 
depressions. Only a short period of activity of these twig pustules is 
necessary to cause primary spring infections, a fact which Thomas (18) 
appears to have overlooked. 

EXPEEIMENTAL METHODS 

Three orchards in the Hood River VaUey w^ere examined in 1934 
and two of them again in 1935 to discov^er at what time primary 
infection occurred and which spore form was involved. The first 
orchard was severely infected in both years, and previous studies 
showed that humidity had reached 100 percent on all but four nights 
during the preceding summer. Scab had been present for several 
years, and conditions for its development were ideal, since 100 percent 
of the unsprayed fruit was afi‘ected. In the second orchard, which 
was believed to represent more closely the general run of orchards in 
'which scab had obtained a foothold, less than 50 percent of the 
unsprayed fruit had been scabby the previous year. The Oregon 
State Experiment Station's orchard at Hood River, where scab had 
never been present, was used as a check plot. 

Spore traps were made by tying together, back to back, two slides 
with outer surfaces coated with petrolatum. Three traps per tree 
were tied in a vertical free-hanging position at heights of 2, 8, and 16 
feet above ground in a representative tree of each orchard. One 
square inch of each slide was examined under the microscope each 
week or after periods of heavy rain, for the purpose of recording spore 
catches. 

Ascospore discharge records from overwintered leaves, brought to 
the laboratory and exposed to natural conditions, were also kept, 
dblve leaves bearing perithecia were placed in a shallow box on a 
natural orchard soil covering. Ordinary glass slides were then placed 
directly over each leaf on narrow wood supports to keep them from 
being in contact with the leaf surface. This procedure is essentially 
the one described by one of the writers (;^) in a report of apple scab 
studies. Discharged spores readily stuck to the glass surface. These 
slides were examined at the same periods as the spore traps hanging 
in the orchard. Because of the numbers involved, however, the 
average number of ascospores caught per square millimeter was used 
to bring these values in line with other charted data. 

SEASONAL DEVELOPMENT AND SPORE LOAD IN RELATION TO 

SCAB 

Records of the weather and of the volume of spores in relation to the 
prevalence of pear scab in the experiments of 1934 and 1935 are shown 
graphically in figures 2 and 3. Weather data in the charts are given 
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Figure 2.— Weather and spore records in relation to pear scab, 1934: ^ , Maximum and minimum tempera- 
tures; B, scab infection on fruit of unsprayed trees; C, stages of development and infection of buds, blos- 
soms, and fruit; B, record of spores; light lines conaing to a point represent number of ascosporcs per square 
millimeter from captive leaves; black bars represent number of conidia per square inch (6H square centi- 
meters) caught in orchard; record of rainfall. 

for the station at H River, since records are unavailable for the 
other orchards in which experiments were conducted. 

SPORE RECORDS FOR 1934 

It has been pointed out by previous workers that ascospore discharge 
occurs only during rainy periods and that conidia of the fungus are 
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Fig ure 3.— Weather and spore records in relation to pear scab, 1935: At Maximum and minimum tempera' 
tures; B, scab infection on unsprayed trees; C, stages of development and infection of buds, blossoms, and 
fruit; JD, record of spores; light lines coming to a point represent number of ascospores per square milli- 
meter from captive leaves; black bars represent number of conidia per square inch (6H square centimeters) 
caught in orchard; record of rainfall. 
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readily dislodged by moisture but not by wind alone. Figure 2, I) 
and S/ shows tliis relation for ascospores from captive leaves and for 
conidia caught on slides hanging in heavily infected trees during the 
1934 season at Hood River. Although ascospores were caught in 
large numbers on slides placed directly above overwintered leaves, 
only three were captured during the entire season on the traps hanging 
in the trees. These three were recorded April 30, June 4, and June 25. 
Conidial catches in the trees, how^ever, were comparatively large. 
A local showier fell in the orchard July 9, which explains why conidia 
w^ere caught at that time. Although total rainfall w^as slightly higher 
in tliis orchard than at the Hood River station orchard, except for 
July 9, the periods of distribution were the same. 

The first catch of conidia was made during the rainy period starting 
February 26. It is doubtful whether infection could have occurred 
at that time, since the buds were not open (fig. 2, G). Unusually 
liigh temperatures during the early spring months, however (fig. 2, /I), 
favored rapid growth, so that by March 26, the start of the next rainy 
period, w^'Mch yielded the first conidial catch of any consequence, the 
young leaves and flower buds vrere exposed. 

An examination was made each day to determine the incubation 
period of the organism. The first scab symptom, a slight greenish 
fuzz, was found on young fruits April 14, 19 days after the beginning 
of the second rainy period, which, as previously stated, coincided with 
the first conidial catch of any consequence. Leaf infections were not 
found until a few days after the fruit-infection stage and w^ere never 
numerous except on unsprayed trees. Figure 2, B, illustrates the 
importance of twig lesions as primary infection sources on Anjou 
pears. It can be seen that even though the spore record shows a 
comparatively small catch of conidia, half of the fruits on unsprayed 
trees became infected from these sources. 

These primary spots on fruits and other susceptible tissues produced 
new conidial spore material in such amounts that, with the following 
rainy period, practically all fruits became infected. Conidial spore 
catches on the traps in the orchard, of course, increased accordingly. 
Counts of infected fruits during several stages in their development 
showed that new spots appeared on susceptible varieties following 
each rainy period of sufficient duration to allow the fungus to become 
established. With certain varieties, such as Bose, the fruits had 
developed such resistance by the time they were one-third grown that 
new" infections w^-ere extremely rare. Scab spots already present grad- 
ually died out, and little evidence of scab w"as seen at harvest unless 
the fruit had become misshapen. Bartlett pears, which have never 
become excessively scabby in the Hood River Valley, exhibited a high 
degree of resistance throughout their cycle of development when 
associated with severely scabbed Anjous. It appears at this time 
that, even with an abundant soiuce of spore material, Bose pears 
require protection only during early spring, whereas control can be 
obtained on Anjous only by complete protection throughout the season. 

Figure 4 records catches of conidia from the moderately infected 
orchard. Direct comparisons of rmsprayed trees of the heavily and 
the moderately infected orchards cannot be made, since the owmer 
of the latter did not wish to leave the fruits unprotected. By observ- 
ing pears in the poorly sprayed treetops, however, it w"as roughly 
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tliiit. a|)|)roxiinat(\ly lialf as seixh (lovadopcd in tliis 

orcliard as on tlie iinsprayed fruit of tlie iieavily infected orchard. 

No scab spores were caught on slides in the orchard which had 
not contained scab, and which was some distance from any infected 
orchard. 

It was assumed that if the original spore load from infected ^wood 
could be reduced the percentage of scabby fruit showing primary 

lesions and the chances 
for reinfections to oc- 
cur would be lessened 
accordingly. Figure 
5 represents results 
from two trees that 
had I'eceived no spray 
in 1933 and that were 
used to test this as- 
sumption. One was 
left unsprayed; the 
other received three 
lime-sulphur sprays 
in 1934. It can readily 

Figure 4.~-Relation of orchard infection to conidial catch, ,1934. (Peri- be SCCn that infection 
odic amounts of rainfall for figs. 4, 5, and 6 may be determined by T*nrln/'.orI Knf 

referring to fig, 2.) Was leaucea, Dllb 16- 

duction of fruit scab 



approximated only 50 percent because of poor spraying. Figure 4 
contrasts the same unsprayed tree with one in a moderately infected 
orchard receiving three early sprays of a partially effective fungicide. 
Conidial catches were greatly reduced, but practically half the fruits 
became scabby because of infections resulting when spray coverages 
w^ere largely dissipated. 

Figure 6 compares conidial numbers caught on slide traps suspended 
on unsprayed trees at three elevations. The lower and middle heights 
yielded similar conid- 


ial ratios throughout 
the season, whereas 
the highest trap was 
noticeably most free 
from conidia at each 
period . Since conidia 
are washed downward 
by rains, they natu- 
rally are found in 
greater numbers at 
the lower tree levels; 
but it should be borne 
in mind that a few 
mf acted fruits or twigs 
in the top of the tree 
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Figure 5.— Effect of spray on dispersal of conidia, 1934. 


are more favorably situated to scatter conidia to healthy fruits than 
are those situated lower down. Since so few ascospores were caught 
in the trees, they were considered of minor importance in causing the 
heavier infection nearer the ground, where, because they are produced 
in leaves on the ground, they might be of importance if present in 
larger numbers.. 
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SPORE RECORDS FOR 1935 

Tlie year 1935 threatened to be an exceptionally bad scab year, 
since new wood was heavily infected and the fungus had become 
established in practically all sections of the valley. Scab, however, 
did not develop to any considerable extent, for the following reasons : 

(1) Before the trees became dormant the previous fall, 80 percent 
of the twig scab infections became sloughed olf or inactivated; (Note 
the number of inactive scab pustules on twigs of the unsprayed plot 
in table 2.) 

(2) In early spring there was only one rain sufficient to cause scab 
infection. '\^T:iere spray recommendations were followed, there was 
nearly complete protection. (See fig, 3.) 

(3) Few new infections appeared following the light rains in May, 

June, and July, principally because infective material w^as scarce. 
Inoculum for subse- 
quent infections w-as S“ 
much decreased by the S 
dropping oQ‘ of in- | 
fected fruits at the ^ 
time of the “June 5 
drop . ^ ’ Pra c tically all “ 
fruits showing pedicel ^ 
infections were lost at § 
that time. 300 

Prospects for a se- w 200 
vere scab season w^ere ^ too 
somewhat dissipated 9 q 
after the discovery § 

that a large percentage figure e —Relation of height of traps to conidial catch, 1934. 

of the twig lesions had 

become inactivated. For previous experiments to be substantiated it 
w^ouldhave to follow that a correspondingly smaller number of conidia 
would be available for primary infections. That this wm actually true 
can be determined from figure 3, D. It should be noted that actual 
conidial catches early in the 1935 season w^ere slightly less than in 
the previous year, but the potential sources would have been far 
greater (see tables 1 and 2) if the wood lesions had overwintered in an 
active state. An increase in conidial material from secondary infec- 
tions w’^as small, owing to wmather factors previously mentioned. As 
a result, fruit wurs much cleaner at harvest than during the previous 
season when secondary conidial material became mcreasingly larger 
up to midseason. Numerous primary infections and favorable 
moisture conditions later were responsible for the rapid increase of 
scab in' 1934. 

Three ascospores constituted the total catch for the 1934 season on 
nine traps hanging on trees in the orchard. Nine were captured during 
1935 in comparable trials from March 1 to the last of May, five of 
which w^ere recorded on April 21. The primary fruit infections ap- 
peared on May 15. 

Neither conidia nor ascospores were captured in the check-plot 
orchard where scab had never been present. 

The results of the wniters' experience in orchard spraying on a 
commercial scale during past years correspond very closely with those 
reported above. When a thorough and properly timed spray wnis 
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applied before primary infections bad become established and was 
followed later with a reasonable spray program, satisfactory control 
of scab was realized at harvest. If, however, the first spray was 
poorly applied or improperly timed, so that a few primary infections 
occurred in spite of careful and frequent subsequent sprayings there 
was considerable scabby fruit at harvest. 

CONTROL OF TWIG SCAB 

The data given above and observations made during past years in- 
dicate that primary spring infections resulted largely from conidia 
derived from active lesions on scabbed wood of the previous season^s 
growth, and that these conidia were being dispersed even before sus- 
ceptible tissues were exposed. Ascospore discharge was also recorded 
from the overwintered leaves, but whether this would occur every 
year remains to be determined. It is possible, however, that if early 
sprays are timed by ascospore discharge in orchards where active twig 
scab occurs, primary infections could already result from twig conidia 
before the regular spray schedule begins. It has been repeatedly 
pointed out for both pear and apple scab that the amount of early 
infection usually influences the number of scabby fruits present at 
harvest. Any practice that eliminates or checks dispersal of these 
twig conidia, then, is of paramount importance in control. 

EFFECT OF SPRAYS 

Data on the effect of fungicides in controlling twig scab are extremely 
meager. In the orchard used for scab-control experiments, twig 
infections were exceedingly common and evidence of their existence 
could be seen on wood several years old when spraying tests were 
started. Some variation in the total number of shoot pustules per 
tree occurred, but the orchard could be classified as severely infected 
and favorable for scab development. 

A spray schedule consisting of lime-sulphur 1-12 applied in the 
delayed-dormant stage and of other materials applied in the pink and 
calyx stages w^as employed during the 1933 and 1934 seasons. One 
additional cover spray was applied in 1933 and two in 1934. Twig 
counts in the spring following such tiyatments yielded evidence that 
sprays measurably control the twug lesions (tables 1 and 2). It should 


Table 1. — Effect of sprays on pear tivig scab the year following their appUcaMon^ 

19SSS4 


1933 spray treatment 

1 Scab pustules, 1934 


(Delayed-dormant lime-sulphur 1-12 plus 3 later 
applications) 

On 50 
twigs 

Average, 
per twig 

Maximum 
on any 
twig 

Total twigs 
infected 

None (west cheek) 

Number 

364 

Number 

7.3 

Number 

29 

Percent 

90 

None (east check) 

230 

4.6 

30 

86 

Copper oxide-lime-hentonite (2-4-2-50) 

30 

. 6 

10 

16 

Copper phosphate-lime-bentonite (2-4-2-50). 

16 : 

.3 

3 

20 

Wet table sulphur no. 1 (10-100) in pink and calyx stage 
plus bordeaux 3-6-50 in 2 later covers 

74 

[1.5 

25 

34 

Wettable sulphur no. 1 (10-100) ._.l 

44 

f '.9 

, • • 7 

42 

Wettable sulphur no. 2 (10-100) 

62 

1.2 

1 , . 17' 

42 

Flotation sulphur (6-100) 

25 

.5 ■■■ 

5 

28 

Lime-sulphur (l-i-SO) and wettable sulphur no. 1 (10- 
KK)),... 

11 


4 

12 

Lime-snlplinr (LAO) in pink, wettable sulphur no: 1 (10- 
100) later ................ 

20 


:i2 

10 

Lime-sulphur (1-50) in pink and calyx, then w'ottable 
sulphur no. 1 (10-100) 

. 3 

.06 

' . 2 

'■ ,4, 

Lime-sulphur (1-50) in pink, calyx, first cover, then 
wettable sulphur no. 1 (10-100) 

' r 


" 2, 

■ 'lA 
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Table 2. — Effect of sprays on pear twig scab the year following their application^ 

1934-35 


1934 spray treatment 

(Delayed-dormant lime-sulphur 1-12 
plus 4 later applications) 


Cheek, no spray. 

Zinc sulphate-lime (4-4-50) plus lime- 

sulphur (1-100) in covers. 

Copper silicate (3-100); thereafter IH- 
100 ..---— 

Bordeaux-lime-bent onite (1-2-1-50) . . . 

C 0 p p e r pliosphate-lime-bentonite 

(2--t-2-50:) — 

Copper oxide-lime-bentonite (2-4-2- 


Flotation sulphur-bentonite (3-3-50) 

(1 pound lime)-, 

Lime-sulphur (1-100) pink; wettable 

sulphur no. 1 (10-100) thereafter 

Lirne-sulphur lime-bentonite (1 2-1-2- 
50) - 

Wettable sulphur no. 1 (S-lOO). 

Bordeaux: (1-50) plus oil (Jd-lOO) in 
pink; (1-100) thereafter — 


Scab pustules (1935) 


Or- 

chard 

no. 

On 50 twigs 

Average iw 
twig 

Alaximum on 1 
twig 

Total 
twigs 
infect- 
' ed 



Ac- 
tive 1 

Inac- 
tive 2 

AC 

tive 

Inac- 

tive 

Ac- 

tive 

Inac- 

tive 

f 

1 

Num- 

ber 

41 

Num- 

ber 

429 

Num- 

ber 

0.82 

Amm- 

ber 

8.58 

Num- 

ber 

7 

Num- 

ber 

30 

Per- 

cent 

88 


2 

122 

486 

2. 44 

9. 72 

9 

32 

100 

f 

1 

16 

21 

.32 

.42 

3 

12 

■18 

\ 

2 

33 

33 

.66 

.66 

4 

4. 

60 

f 

1 

1 

1 

7 

.02 

. 14 

1 

2 

12 

2 

6 

6 

.12 

.12 

1 

2 

22 

f 

1 

1 

0 

.02 

0 

1 

0 

2 

1 

2 

1 

3 

.02 

.06 

1 

1 

',8 

1 

0 

2 

0 

. 04 

0 

2 

2 

i 

2 

2 

1 

.04 

.02 

1 

i 

6 

f 

1 

5 

3 

.10 

. 06 

1 

o 

12 


2 

14 

29 

.28 

.58 

2 

4 . 

48 

,f 

1 

I 

3 

4 

.06 

.08 

1 

1 

14 

2 


8 

.02 

. 16 

1 

2 

14 

/ 

1 

! ® 

1 

.12 

.02 

1 

I 1 

14 

1 

2 

! 5 

5 

i .10 

. 10 

1 

i 1 

IS 

/ 

1 

! 1 ■ 

1 

1 .02 

. 02 

1 

1 

4 

1 

2 

! 1 

1 

1 .02 

.02 

1 

1 

4 

/ 

1 

I 

! 6 

31 

:i .12 

.62 

1 

10 

25 

2 

i 16 

44 

i .32 

.88 

2 

4 

62 

f 

1 

! 1 

3 

! .02 

.06 

1 

2 

4 


2 

' 1 

0 

i '.02 

! 

0 

1 

0 

2 


1 Active scab pustules, 

2 Slougbed or inactive pustules. 


especially be noted that the wettable sulphur types of materials were 
much less effective in this control than the more caustic sulphurs or 
chemicals giving a longer coverage. The same general trend was 
apparent in fruit scab control. Where mild sprays were used during 
the early stages of growth it was very noticeable \hat control of scab 
on both fruit and twigs was comparatively poor, whereas their substi- 
tution at later periods showed less difference. 

Figure 5 shows that conidial catches were greatly reduced on 
sprayed trees. To determine the exact cause of this decrease in 
conidial numbers early in the season, twigs with active scab pustules 
were brought into the laboratory and sprayed with certain fuiigicides. 
Table 3 gives the results of this test. Lime-sulphur conipletely iiiac- 
tivated such pustiiles by an actual ^^urning out” action. The entire 
spore-bearing surface was killed and the stroma soon became flat and 
crusty and did not revive when placed in a moist chamber. In 
contrast to this, although other fungicides tested caused a considerable 
decrease in active conidial material where the fungicide was in actual 
contact with the spore-bearing parts, penetration under the epidermal 
covering of the pustule was much inferior to that of linie-siilplmr. 
Pustules sprayed with these chemicals, moreover, partially revived 
in moist chambers and produced some conidia. The same results 
were observed under field conditions. 
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Table 3. — Effect of sprays on conidia in pustules on excised twigs 


Spray treatment 

Spore 

germi- 

hation 

Location of 
spores in pustule 

Spray treatment 

Spore 

germi- 

hation 

Location of 
spores in pustule 

Apr. 29, 1935 

Check, no sprav 

Percent 

76 

/ « 1 
1 0 1 
f 45 ' 

\ 2.5 

Various points. 
Edge. 

Center. 

Edge. 

Center. 

1934 

Wettablo sulphur (10~ 
100) ) - 

Percent 
f 70 

1 3. 2 

Edge. 

Center. 

Lirne-sulphur (1-16) 

Bordeaux mixture (4-4- * 
50 




These results indicate that lime-sulphur applied after twig lesions 
are open and active should largely eliminate this source of infection. 
The majoiity of pustules at Hood River during past years opened 
before blossom buds became exposed. A small percentage, however, 
opened during or after this period. It was known from, previous 
experience that lime-sulphur could not be used with safety on Anjou 
pears in this locality after the bud scales had dropped. For this 
reason it was believed that best results would be obtained in scab 
control by delaying the initial lime-sulphur application until the bud 
scales were just ready to drop. Where it is possible to use this caustic 
spray on other varieties at a later date, successful control should be 
possible in one season. Pustules that opened late or those that 
remained active during the summer contained viable spores at harvest 
and formed dangerous sources for fall fruit infections. Water sprouts 
remained susceptible to infection late in the season and required^ 
protection where scab was a problem. 

A secondary influence of spray materials was apparent on sprayed 
trees. It appeared that during the spring the host was able to 
circumscribe scab lesions on twigs more quickly on sprayed trees than 
on those receiving no treatment. Whether this action was due to a 
partial killing of the parasite or to a favorable effect on the host was 
not determined. 

Residual Effect of Speays 

The severely infected orchard used for part of these experiments 
offered an extreme test of the cumulative value of proper and well- 
timed spray applications. When a part of this orchard was taken 
over by the writers for spray tests at the end of the 1933 season, 
68.3 percent of the commercially but improperly sprayed fruit and 
100 percent of the unsprayed pears were scabby. In the 1934 tests 
the applications of four sprays of various materials, following the 
delay ecl-dormant lime-sulphur spray, reduced scab to as low as 12 
percent when the stronger fungicides were used. This plot was 
given back to the grower for the 1935 season because of certain condi- 
tions^ complicating records on fruit russet. However, comparison 
of this plot with the remainder of the orchard in the less severe scab 
year of 1935 showed that an average infection of 1 .8 percent occurred 
in the previously well-sprayed section (including all materials tested), 
while 28 percent of scab was present in the part sprayed entirely by 
the grower during both years. These results, in conj miction with 
data given in tables 1 and 2, seem to warrant the conclusion that this 
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residual effect of spray inaterials was almost entirely due to the 
reduction of twig infections, since few ascospores were caught in the 
trees during either year. 

Effect of Dormant Sprays 

The possibility of killing the parasite on twigs in its inactive and 
overwintering form was tried by m^eans of penetrating spray materials 
developed by Keitt (12) for dormant use. During this period the 
fungus is not exposed, and a penetrating material would be required 
to reach the vulnerable tissue . Although killing of the f imgus occurred , 
a certain percentage of the pustules continued to become active in the 
spring, even on trees showing distinct and severe spray injury in the 
form of partially killed limbs. It is quite possible, how^ever, that if 
further improved or used in different combinations such materials 
may find a useful place in the spray schedule for pear scab control. 
This point needs further investigation. 

EFFECT OF CULTURAL PRACTICES 

Certain horticultural practices may influence twig scab infections. 
The cutting out of infected shoot material has been generally recom- 
mended as an aid in controlling pear scab. This practice may be 
helpful in eliminating some of the original spore load, but even then it is 
usually not complete enough to be entirely effective without additional 
protection to new growth. Pruning stimulates the production of new 
wood, which must be protected to prevent reinfection. Since water- 
sprout types of growth are especially susceptible to shoot infection, 
however, their removal from the central parts of the tree should be 
practiced. Pruning so as to produce the most open type of tree 
without sacrificing bearing surfaces appears to be most desirable from 
the standpoint of tree vigor, thorough spraying, and partial elimina- 
tion of spore material. 

Unpruned trees and trees very low in vigor have been found to show 
less infection, since they fail to produce much new and succulent 
growTh. 

DISCUSSION 

The results obtained on the lelation of twig lesions to primary scab 
infections on pear trees are in accord with work done in England, and 
indicate that these lesions furnish the bulk of material for early infec- 
tion under certain environmental conditions. Observations and the 
spraying of commercial orchards in Oregon during the last 4 years 
have further substantiated these data. A few twig pustules are easily 
overlooked in an orchard, but they may be surprisingly^ persistent in 
dissemination of the parasite and when favorable environmental con- 
ditions are at hand may cause serious epidemics. Where these twig 
infections are absent it has been relatively easy to control pear scab, 
even when ascospores from overwintering leaves have been plentiful. 
The latter, how^ever, should not be ignored, since a certain percentage 
do find their wuy to susceptible tissues. Kesults from widely^ scattered 
countries suggest that environmental factors may" influence their 
dissemination. The w"ork of Wiesmann {19) and Pahniter (15) has 
showm that specialized strains of pear and apple scab exist , a fact that 

' ' 32771—37 1 
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gives further iniportance to this sexual stage in the possible production 
of new forms. 

The longj dry growing season of 1934 was of special interest in its 
relation to twig attack. Most of the pustules^ occurred at the bases 
of the ciirrent season’s twigs, indicating that infection had taken place 
soon after they started growth. Twig lesions resiilting from infections 
during the early part of 1934 were sloughed off or became inactive 
before the trees*^ became dormant, and the majority failed to produce 
conidia in the spring of 1935. During years with shorter growing 
seasons and more rainfall, however, the host appeared to be unable to 
circumscribe incipient infections. As a result, practically all twig 
lesions remained active and produced conidia the following spring. 
This may explain the conflicting observations made by Smith (17) 
and Thomas (IS) in California in different years. It may also explain 
the occasional and sudden decrease in scab following several seasons 
in which the disease was difficult to control. ^ 

The pronounced effect of spray materials in preventing twig infec- 
tions and in keeping the old lesions from functioning as infection 
sources seems conclusive, and spraying appears to offer the most eco- 
nomical and practical means of coping with this phase of the disease. 
Since the more effective materials can be applied to certain varieties 
with safety only before the blossom cluster buds become exposed, 
they should be applied at that time carefully and thoroughly. When 
properly applied even mild fungicides give considerable protection 
from reinfection to new twig growth. 

SUMMARY 

Since 1932 pear scab has become a serious factor in pear production 
in the Hood Eiver Valley of Oregon, The number of primary infec- 
tions appeared to correlate closely with the amount of twig infections 
present. Primary spring infections resulted largely from conidia in 
overwintering pustules on the previous season’s wood rather than from 
ascospores, and few of the latter were ever trapped in trees. Moreover, 
conidia were being dispersed before bud tissues were exposed. 

Early sprays should be timed by conidial dispersion from twig 
lesions, where these occur, rather than by ascospore discharge, because 
infection results from these twig spores before ascospores are matured. 
Consistent and thorough spraying during the growing season largely 
prevented twig infections. Early-season sprays were more important 
in this district for control of twig scab as well as of fruit scab, because 
more precipitation occurred early in the season and because a certain 
amount of host resistance became apparent after that time. 

Lime-sulphur was effective in ^Lurning out” active twig pustules, 
but it could not be used on tender-skinned varieties after the young 
fruit was exposed, without causing injury. This fungicide was found 
to be dangerous if applied after the bud scales had dropped. Applied 
in the delayed-dorinant stage, lime-sulphur reduced primary spore 
numbers so tliat additional sprays gave satisfactory pr()teotion agaiiis^^^^ 
reinfection. 

Environmental factors play an important role in natural conti’ol. 
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PHYSIOLOGIC RAGES OF USTILAGO HORDEl '■ 

By V. F. Tapke 

Pathologist, Dwision of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

Covered smut of barley {Ustilago hordei (Pers.) Kell, and Sw.) in 
the United States has long been recognized as an important hazard 
ill the culture of barley {Hordeum tmlgare L.). In the years from 
1918 to 1935 for which records are available,- its estimated toll 
averaged over 2}i million bushels annually, and twice during these 
years the estimated annual loss exceeded 5 million bushels. Despite 
recent notable advances in the control of barley covered smut through 
seed treatment, as shown by Leukel (10)'^ relatively little progress 
has been made in combating the disease through selecting and breed- 
ing barleys having inherent resistance to various physiologic races 
in the smut species. Until recently, progress in tliis direction had 
been almost completely blocked by the lack of an effective and easily 
applied method of artificial inoculation of the seed for producing 
high percentages of smutted plants. Despite the general belief of 
long standing that barley is inoculated, in threshing, by the spread of 
the spores to the surface of the seed, the artificial blackening of seed 
with millions of spores usually has failed to result in high percentages 
of smutted plants. Jensen (9) first reported this difficulty nearly 
50 years ago. In 1934, the writer (lo) devised a spore-suspension 
method of inoculating seed barley in wliich spores are washed be- 
neath the hulls. The method is similar in principle to Haarring's 
(5) “evacuation” method of inoculating oats with smut, but it em- 
ploys no vacuum or nutrient solution. The spore-suspension method 
is effective, fairly easy to apply, and approaches the natural method 
of inoculation as recently reported (17). The way thus was opened 
for the studies on physiologic races presented herein. 

PREVIOUS INVESTIGATIONS 

Faris (5, 4) first reported physiologic races in Ustilago hordei ^ in 
1924, Five pathogenic races were isolated. Rodenlnser (It), in 
1928, described seven cultural races, and a further test of two of these 

) Received for publication July 9, 1937: issued December 1937. Investigations conducted in cooperation 
with the New York (Cornell) and North Carolina Agricultural Experiment Stations. A number of the 
smut collections and lots of barley seed used in the extieriments were collected by the late J. A. Faris, for- 
merly senior pathologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry. The wTiier 
also has had access to the records of Faris’ experiments on physiologic races of Vstifam hordti, conducted 
at ICearneysville, W. Va., in 1932 and 1933, in cooperation with the West Virginia Agricultural Experiment 
Station, and at Fargo, N. Dak., in 1933, in cooperation with the North Dakota Agrieiilniral Experiment 
Station. 

2 United States Bureau of Plant Industry, estimate op crop losses due to plant d’seases. 1917 
IT. S. Dept. Agr., Bur. Plant Indus. Plant Disease Bull. 2:1-18, 1918. {Mimeographed.] 

CROP losses from plant insEASis IN THE UNITED STATE L 19i&-3r>. U. S. Bur. Plant Indus. 

Plant Disease Replr. Sups. ISA-213. 1919; 12:307-332, 1920; 18:317-3;iS, 1921; 21;4S9-510, 1922: 30:4(2- 
490, 1923; 39:318-348, 1924; 43::B81-410, 1925; 49:382-412, 192®; 50:394-423, 1927; t»4:370-399. 1928; 83: 1-68, 1932; 
87:1-82, 1935; 89:1-45, 1935; 94:1-7,5, 1936. IMimeographed.T 

3 Reference is made by number (italic) to Literature Cited, p. 691. 
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sliowed differences in tbeir pathogenicity on I ion and Himalaya 
barleys! Recently Aamodt and Johnston (0) found tvvo races in 
Alberta, Canada. Apparently this report completes the list of avail- 
able contributions. The fact that there have been relatively few 
investigations of physiologic races of U. hordei doubtless is due 
largely to the difficulties with seed inoculation, as noted previously, 

MATERIALS AND METHODS 

The experiments were conducted at Ithaca, N. Y., during the 3-year 
period 1934-36. Eight pure-line varieties of spring barley were used 
as differential hosts, namely, Excelsior (C. 1248), Gatami (C. I. 

575), Hannchen (C. I. 531), Lion (C. I. 923), Nepal (C. I. 595), 
Odessa (C. I. 934), Pannier (C. 1. 1330), and Trebi (C. 1. 936). The 
selection of these %mrieties was based largely on unpublished studies 
of the late Dr. J. A. Paris. Paris conducted an experiment at Pargo, 
N. Dak., in 1933, to determine suitable differential barleys and 
physiologic races of Llstilago hordei. Thirty varieties inoculated with 
each of 65 smut collections comprised the test. The maximum per- 
centage of smutted heads was 28, in the variety Odessa, which proved 
to be susceptible to every smut collection. In most of the other 
varieties the maximum smut infection rarely exceeded 15 percent. 
Although the data were inadequate to warrant definite conclusions, 
they were useful to the writer in indicating that certain collections of 
smut were representative of distinct races and that the varieties 
named above should make good differential hosts. Paris (3, J) also 
had found that Hannchen and Nepal well differentiated two smut 
races which he numbered and ^^2^ 

For differential hosts, the writer chose, so far as possible, from the 
varieties listed by Harlan and Martini (d), those that are outstanding 
for certain characteristics and representative of some barley-growing 
region of the world. In the course of study, the following additional 
species and varieties also were tested for their suitability as differential 
hosts: Hillsa (C. I. 1604), Hordeum dejiciens Steud, (C. I. 668--1), 
H. intermedium Koern, and Wern. (C. I. 4377), Lyallpur (C. 1. 3403), 
Club Mariqut (C. L 261), Oderbrucker (C, I. 1529^ Summit (C. I. 
929), and White Smyrna (C. I. 910). The first four proved too highly 
resistant to be useful, and the remainder failed to further or better 
differentiate any of the smut races thus far isolated with the varieties 
selected. Twenty-eight winter varieties or selections were also tested 
to determine their possible value in differentiating physiologic races 
of 'covered smut. 

The 8 selected varieties, during the 3-year test period, were inocu- 
lated with each of 200 collections of covered smut obtained from 26 
States. Preparatory to inoculation, seed of the differential hosts was 
soaked in a formaldehyde solution (1 part of formaldehyde to 320 
parts of water) for 2 hours, washed in running water for one-half hour 
to remove all traces of formaldehyde, and spread in thin layers until 

4 G. I. refers to aceesslon number of the Oivision of Cereal Crops and Diseases, formerly Office of Cereal 
Inyestigations.. ■ 
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tlioroiighly (liT. Each yeax five check rows of iininociilatcd seed of 
each variety so ireated produced siniit-free ])lants. Iii view of tlie 
occurriuiceor luixcd collections of die different barley smuts, the spor(?s 
of the (‘ollectioiis used each year were first examined to detemiine the 
character of the epispore and the type of germinatioii on 2-perceiit 
potato-dextrose agar. Later, the smutted heads resulting from seed 
inoculation with each collection were examined in the different 
varieties. All collections that were suspected or determined to be 
other than true barley covered smut were eliminated. 

In 1934, 1935, and 1936, respectively, 75, 60, and 65 new smut 
collections were tested. The 1934 collections comprised six races; 
in 1935 two other races were isolated, but in 1936 no additional races 
were obtained. Two collections of each of the six races obtained in 
1934 were fiirther tested in 1935 and 1936, and two collections of each 
of the two races obtained in 1935 were again tested in 1936. In 
these further tests of the isolated races, the inoculum of each race to 
be used in the succeeding year's test was collected on the same date 
and subsecpiently stored in a cool room. Whenever possible, the 
inoculum was collected from the variety which most clearly differ- 
entiated each race to aid in screening out any other races that might 
have occurred in the original collection. A month or less before 
seeding, the seed was inoculated by the spore-suspension method 
previously described (75). 

The inoculated seed in each year’s iest was planted at the rate of 
6 g to the 5-foot row. The new collections were tested in duplicated 
systematically distributed rows. In the further tests, in 1935 and 
1936, of previously isolated races, triplicated systematically distrib- 
uted rows were employed. In preparing the inoculum, in inoculating, 
and in planting the seed, adequate precautions were observed to pre- 
vent mixing of spores of different collections. The smut percentages 
obtained were based on counts of the total number of heads per row 
in 1934 and 1935 and of 300 heads per row in 1936. 

In the analysis of data three infection classes were used, as follows: 
0“5 percent infection— resistant class (R); 6-35 percent inf ection== in- 
termediate class (I); 36 percent infection and above— susceptible 
class (S). 

The classification is arbitrary and the limits of the infection classes 
have been selected to fit the present data. The purpose of the classi- 
fication is to present in a convenient ivay the host reactions in the 
present study that differentiated the various races of covered smut. 
As shown in table 1, increase in susceptibility frequently is accom- 
panied by an increase in the variability of infection. The progressive 
widening" in limits of the intermediate and susceptible classes accom- 
modates these variations. In some previous studies of cereal smuts, 
narrower infection ranges have been considered significant for sepa- 
rating physiologic races. In the present study, however, the varia- 
tions in difibrent years and between replications in a single year fre- 
quently were too great to warrant the use of a classification with more 
than three classes of infection. In the three seasons in which the tests 
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ors'iirred chiriiig iIr* growing seasons of 1934, 1935, and 1936, 
respectively, roller siicli eoiiditioiis, tlie separation of smut races 
i.ioiibtless slioiild be based onl^^ on differences in pathogenicity that are 
fairly wide and reasonably consistent. ^ . 

Ill ea.ch of the 3 siiccekire years of the experiment, the maximum 
pei’centages of siiiiitted he^ids in the susceptible variety Odessa were 
1)2, 54. and 50, respectively. In Nepal, the maximum percentages 
were 60, 45, and 58, respectivel^x The conditions for infection thus 
appear to have been adequate for the differentiation of physiologic 
races. 

RESULTS 

IDENTIFICATION OP PHYSIOLOGIC RACES 

' The aiiiiiial and average percentages of smut produced by each of 
the eight races of Vstihgo hordeiy in -2 or 3 years- of the tests, are given 
in table 1, In each year the two collections of each race produced 
similar results. Data for only one collection of each race therefore 
are recorded. As noted previously, some of the smut collections used 
were collected by Paris, These collections were numbered, but their 
physiologic race identity was unknown except that one collection was 
iabeled “form and another “form 2.^’ In the present experiments 
the leaetion of these races on the varieties Hannchen and Nepal w^as 
similar to that described by Paris 4), and Paris’ numbers were there- 
fore retained. The varietal reactions which differentiate the races 
are given in table 2, and this is followed by a key to facilitate the 
identification of the races. Table 2 and the key show that the eight 
smut races may be identified with only five of the eight varieties used. 
However, two of the varieties omitted, Gatami and Trebi, have given 
good differential reactions with some races and have been useful in 
confirming their identity, Odessa, also omitted from the key, is 
needed to perpetuate race 8. 

Tlie total number of collections obtained from each of the 26 States 
that served as sources of the collections, and also the number of races 
and their relative prevalence in each of these States as indicated by 
the eolleetions used in these experiments, are given in table 3. 
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Tabi/k I. PinrnfaffCH of miutted heads in S varictirs of spring barley inornlaled 
wUfi- S ph ysinfogir rax'cs of UsUUtgo liordm^ (inti grointi at Ilhaea, N, 1 -dd 






Smutted heads in- 

- 



Race No. 

Year tested 

Excel- 
sior 
(C. L 
1248) 

Gatami 

(C.I. 

575) 

Han- 
nchen 
(C. I. 
531) 

Lion 
(C, L 
923) 

Nepal 
(O. I. 
595) 

Odessa 
(C. I. 
934) 

Pan- 

nier 

(C.I. 

1330) 

Trehi 
(C. I. 
936) 



Per- 

cent 

Per- 

cent 

Per- 

cent 

Per- 

cent 

Per- 

cent 

Per- 

cent 

Per- 

cent 

Per- 

cent 


n.934.. 

0.0 

0.0 

8.2 

0.0 

0.0 

34.3 

0.0 

9.8 


1935.- 

0 

0 

IS. 6 

0 

0 

36.9 

0 

2.4 


|l936 

0 

0 

18.8 

0 

0 

44.9 

0 

2.2 


[ .kveraere 

0 

0 

15.2 

0 

0 

38.7 

0 

4.8 


11934 

4.0 

12. 8 

2. 2 

10.2 

40. 5 

41,2 

0 

3. 6 

-N 

1935. . 

0 

7. 7 

0 

17. 8 

43.0 

30. 8 

0 

0 

— 

■ i9;k; 

0 

13.5 

0 

12. 5 

58. 2 

38.4 

0 

0 


I Average — 

1.3 

11.3 

'7 

13.5 

47. 2 

36. 8 

0 

1.2 


14934 

20.0 

0 

0 

7, 1 

60. 0 

25.0 

■4.2 

0 

3. 

1935. ... 

30. 3 

.6 

0 

15, 7 

45. 1 

40. 8 

0 

.6 

'1936 

29.3 

0 


11.6 

46. 5 

49. 3 

0 

0 


[ Averasre 

26. 5 

. 2 

0 

11.5 

50. 5 

38.4 

1.4 

. 2 


11934 

0 

0 

8.8 

0 

18.8 

45. 2 

13. 8 

24.2 


1935 

,9 

0 

13.2 

0 

32. 0 

29. 7 

13. 5 

9.6 

4..-- * - -- 

■ 1930 

0 

0 

10. 5 

0 

; 33.1 

29. 5 

6. 9 ; 

4.2 


1 Average. 

.3 

0 

10.8 

0 

28. 0 

34.8' 

11.4 

12.7 


i (1934 

0 

0 

0 

15.6 I 

0 

61.8 

0 

27.9 

5 

1 1935 

0 

0 

0 

19.1 1 

0 

27. 0 

0 

18.8 

I- 1936, 

0 

0 

0 

12.7 1 

0 

21.4 : 

0 ' 

10.4 


1 Average. 

0 

0 

0 

15.8 

0 

36.7 

0 

19,0 


'(1934... 

0 

0 

30. 4 

25.5 

0 

52.6 

0 

45.8 



i 1935 

0 

0 

17.4 

20.2 

0 

34.3 

0 

29. 6 

;ji9.%.-- 

0 

0 

32, 1 

19.3 

0 

50.2 

0 

31.1 


: i Average 

0 

0 

26. 6 

21.7 

0 

45.7 

0 

35. 5 


41935 

.8 

0 

0 

0 

24.3 

53. 5 

1.5 

3.6 

” 

,11936 

.3 

0 

0 

0 

" 29.5 

26. 9 

0 

.3 


1 Average 

.6 

0 

0 

0 

26. 9 

40. 2 

.8 

2.0 


U1935 

0 

0 

0 

0 

.5 

39.7 

0 

0 

■8 ' 

41936 

r 

0 

0 

0 

0 

0 

28,3 

0 

0 


i Average ^ 

i 

0 

0 

0 

0 

.3 

34. 0 

0 

0 


Table 2. — Eeactmns of o varieties of spring barley which differentiate 8 physiologic 
races of Ustilago hordei 


Race .No.5 

Reaction 2— 

Excelsior 
(0. 1. 3248) 

; Hannchen 

1 (C. I. 531) 

; i 

1 Lion 
: (G. I. 923) 

^ Nepal ■ 

1 (C. 1. 595) 

Pannier 

C€a.,1330) 

8...,. i 

R 

■■' R 

R 

R 

■ R , 

1 .... ■ - . 1 

R 

1 

R 

' R , 

■ R ■■ ', 


R 

\ ' R 

R 

„ r ■ 

!„ R, 

4.-.---..-,-.., 

R 

i- I ■■ 

li 

, r. 

I, ■■ 

5... ■■■- -- 1 

R 

R 

I 

' R-' „ ■■ 

■R' 

6... 

E 

I 

■" r,^' 

■■ R. ", 

H 

2.,..-. .. ■ 

R 

R 

1 

■ s. ,, , 

M 

3..'.-,-..-.. ' . 

I 

R 

i ■ ' 

S 

R 


I Tlie race numbers are presented in the order given to facilitate comparison with the key to 8 physiologic 
races of that follows. . , ■ ■ . . 

3R (resistant) =0-5 percent of smutted ' heads; I (intermediate) =6-35 percent: S (susceptible) =36 per- 
cent, or more. ,■ ■ 
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io eight ihiigiiiolrfgic races aj I sblago hordci 

Lhsis .‘ill! : 

ffaiJiirlieii resi>la.ii1 - — - - - ■- 



Nepal iiitemiediate: 

Faiiiiier reslht aiit ^ — 

Pannier iiitermediate 

Lion iiitermediate: 

Nepal resistant: 

Hamiehen resistant . --- 

Hannrlien iiitermediate — 

Nepal susce]dihle: 

Exeeisior resistant-.- 

Excelsior intermediate- 


Phrjsiologjc race 
8 
1 

---- 7 

4 


5 

6 

2 ' 

3 


Table 3. — Xumher ard rdisiribuHon .of physiologic races of barley covered smut in 
200 collections from 26 States 


' LcMjation ■ 



Coileetions of race No. — 


Total 

collec- 

tions 

1 

2 

. 


4 1 

j 

i 

5 1 

i 

6 

7 

8 


' 

Number 

Numtter 

Number 

1 ! 

Numberl Number 

' i 1 1 

Number 

Numbtr 

Number 

Number 

1 

37 


r 


1 


34 

1 






1 



1 









3 

17 



1 

1 


2 

13 

1 







2 


3 




i 



9 



10 




1 


1 

1 



3 





1 

1 



1 









1 

M 

1 





19 



20 

Missoijirl - 


1 



1 



2 

Moataniii 



1 


0 



1 3 

Nebraska 





9 



t 9 

New Vflffe: 






10 



10 

Ni0rtib Carolina , ■... 

2 



. .. ' 


1 



3 

North Uakota 




1 


18. 



19 

Oklahoiaa-.-- i 






1 



1 

Oregon i 


1 j 


.. 

. 1 




2 

South Dakota 






2 



2 










1 

15 



Utah-..-, A 




1 ■ 

14 

1 



Virginia, * ■ 

I. 7 ■ 






1 

9 

W ashington 




■ .17 

5 


23 

W mt VIrgiaia - , . ' 






1 

1 

WlROonsin 






3 


3 









Total 

15 

■ ■■ 2 : 

■ 0 

' . ■ 3, 

'.57 

■ 114 

I ' 9. 

0 

,,,200 





! 


The data in table 1 show, in general, a high degree of consistency 
in the percentages of infection with each of the races during the 2 or 
3 years of the test. In some instances certain races produced a low 
percentage of smutted heads in certain varieties in 1934 but did not 
causa smut in these varieties in the following years. This may have 
been due to mixtures in the original collections that were screened 
out as a result of passage through selected hosts in the follovdng years. 

Despite the fact that environmental conditions were marked by 
unusual ^ variations in temperature and precipitation in the three 
seasons in wMch the tests were conducted at Ithaca, the spore-sus- 
pension method of seed inoculation proved eifective and the degree of 
smut infection was reasonably uniform. 

Two facts are apparent from table 3: (1) The wide distribution of 
pice 6 and (2) the predominance of race 5 in California and 'Wash- 
ington. 



,Nov. 1 , 1937 


Physiologic Races of Ustilago hordei 


689 


WINTER VARIETIES AS DIFFERENTIAE HOSTS 

III the fall of 1935, the 28 winter varieties or selections listed in 
table 4 w^ere inoculated with the eight races of covered smut and sown 
in triplicated, systematically distributed rows at Statesville, N. C. In 
other respects the general conduct of the test was similar to that with 
the spring barleys. The results of the test are given in table 4. In 
general, these muter barleys displayed little clear-cut differential 
reaction to the smut races except that about two-thirds of them were 
resistant to race 2. The Nakano Wase selections, including Esaw, 
however, were moderately susceptible to race 2 and highly resistant 
or immune to all other races. The Smooth Awn selections 86 and 203 
were the most uniformly resistant, showing less than 5 percent of 
heads smutted by any of the races. Unfortunately, Esaw and the 
Nakano Wase and Smooth Awn selections are highly susceptible to 
the brown loose smut {Ustilago imda (Jens.) Kell, and Sw.) which is 
prevalent in the humid winter barley region. 

Doubtless as a preface to further studies on the use of winter barleys 
as differential hosts, a better knowiedge of the influence of winter 
in|iiiy on the incidence of covered smut should be acquired. Tisdale 
{18) and Faris (5) have shown that plants of certain winter barleys 
are more susceptible to winter injury when infected with covered 
smut than w^hen not infected. In the experiment just described there 
were wide differences in the degree of winter injury sustained by the 
different varieties and this may have obliterated differential responses 
to the races of smut that otherwise would have been apparent. 

Table 4. — PeTcentages of smutted heads in 28 varieties of winter barley inocu- 
lated tvUh 8 physiologic races of Ustilago^hordei and grown at Statesville. A. C., 
1935-86 


Smutted heads m— 


'.Race No. 

Alaska (C. I. 4106) 

Beardless No. 6 
(C. I. 2746) 

■»o 

Ca ' 

! 00' 

t-5 

1 6 
o 

'i 

5 1 

Esaw (C. I, 4690) 

o 

o 

1-4 

O 

1 i 

1 o 

! « 

1 § 

1 o 

Han River (C. I. 
2163) 

Kaslimir 

>P. 

o . 

SL) 

C9 . 

■N 

Kentucky Smooth 
Awn (G. I. 6021) 

Khayyam (C. I. 
1117) 

Nakano W^'ase se- 
lection 33 

; Q) 

woo 

; 03 50 

^1 

§ ® 

03 

Orel (C. I. 351) 


Pd. 

i Pd. \ 

Pet. : 

1 

Pd. 

! Pet. 

Pet. 

Pet. . 

Pet. 

Pet. 

Pd. 

! 

Pet 

Pet. 1 

Pd. 

Pd. 

1... 

10.2 

t . 3. 3 

11.0 

0.0 

! 5.3 

6.0 

1 22.3 

15. 1 ; 

4.9 

36.1 

7.9 

1.2 i 

0.0 

6.8 


6. 3 

; 6.3 ' 

1.7 

12.3 

7.4 

1.3 

3.1 

3.4 

-.2 

9.2 

2.4 

7.3.1 

10.9 

2.1. 

3.,.., 

14.4 ' 

j 15.2 

6.0 

.0 

12.2 

10. 5 

16.9 

12. 3 

2.9 i 

34.8 ' 

8.1 

,0 i 

.0 

4.5 

4, 

25.8 

17.1 

11.5 

.0 

15.8 ; 

13.3 

21.2 

IS. 6 

7.7 

24,6 

11.4 

.0 

.0 

16.8 

5 

40.8 ! 

2.6 ^ 

19.4 

.4 1 

7.3 

9.4 

45.8 I 

30.9 

13. 8 

34. 3 

25, 4. 

8. 0 

,6 

24.7 

6 

40. i 1 

5.' 8' " 

2.2.3'" 

2.2 1 

. 5.1 : 

6.5 

47. 3 S 

®.2 

12.8 

28. 8 

26. 8 ^ 

„'0.: 

.0 

20.3 

7. _ 

30.5 ; 

14.0 

28,1 : 

.8 ; 

22.5 

9.3 

38.8 1 

22.4 

15,1 

27.9 

35.0 

" ..0.',i 

1.2 

22. 6 

8 -. 

39.5 

4.9 : 

26. 1 : 

1.9 i 

9.2-i 

6.8 

■32.2 1 

■ 1 

33.1 

12.7 

28.6' 

26. 6, ^ 

. 0 ■! 

.0 

19.3 
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Smutted heads in— 


'RaceKo. i, ^ 

lu iC' i 3: 

X 1 X 

$ 

§ c>i 
< a 

■x 

£ 

< s 

o 

X 

5 S7 
1^1 

X 

R ■ 

y ■ 

Si 

S 

u 

® 

■3 ' 

S'— 

S 

1 

© 

h 

© 

1^! 

3 

S 1— I 

v; ' 

© 

2 ’5# 

o'3 b 

B 

© 

-S ^ 

fe- »o 

© 

AVisconsin Winter 
(G. I. 2159) 

o 

Pvf. 

Pet. Pet. 

Pcf. 

Pet. 

Pet. 

Pd. 

Pd. 

Pd. i 

Pd. 

i 

i Pd. 

Pd. 

Pd. 

Pd. 

i 

,12.. 5 ; 0.0 

0. 0 

0.5 

11.5 

S.8 

16.9 : 

25.1 ! 

1 10,5 j 

22.9 

i:?.6 

13. 3 

13.2 

2 . . ' 11.:'. ■ 

1.0 i 1. 1, 

1.0 

15.0 

■ .9 

2 2 

2.9 ' 

6.8 i 

.6 1 

i 10.3 ! 

2.8 

2. 9 

3. 3 

3 

7.9 ' .0 

.0 

.0 

6.8 

irs 

1 12.8 

2;i7 : 

6.0 ! 

16.7 

10. 1 

12. 1 

11.1 

4 J lai * 

19.4 i 1.4 

.0 

.0 

i 21.7 

16.6 1 

i 20.0 

:u.4 

! 11.9 ; 

20. 8 

16. 0 

16.6 

■ 1.9.2 

5....- 27.. fi 

25. 5 '! 4. 7 ■■ 

:i i 

5...1 

24.7 

28.1 j 

i 25.3 

4.5. 7 i 

1 7.9 i 

29.6 

26. 1 

39. 3 

10.6 

(L, 1 

:?5. 0 1 1. 7 1 

.0 

.0 

36.2 ! 

35.8 

31.6 i 

57, 2 j 

S 8.5 

37.4 

38. 1 

33.3 

14. 9 

7--. — .-- i 13. 6 i 

lU. 1 ' .0 1 

.0 

4.8 

32.8 1 

1 37.3 ! 

33.2 ! 

45. S 1 

; .10.2 

29.4 

32. 1 

;m.2 

21.1 

8 -.,..--1 16.5 ; 

:v. 7 . CH 

.0 

2.5 

30.7 

29.3 1 

i 

27.6 i 

i 

54.5 I 

7. 7 

35.5 

2<9. 1 

! 

30.1 

11.7 


Another factor that seems due to assume greater importance in 
future studies of physiologic races is the influence of environmental 
conditions on the response of the host after infection. The results of 
Faris (3) seem to indicate that after the smut has penetrated the 
seedling environmental conditions may influence the host response in 
a way other than tlirough winter injury; and, as Faris notes, ^hhe 
reaction of barley varieties to such environmental changes may not be 
the same.'' Aamodt (I), Smith {18), Rodenhiser and Holton {12), 
and Holton and Heald {8) have reported that environmental conditions 
after infeetioii may alTect the incidence of bunt in wheat. 

DISCUSSION 

Eight physiologic races of Usfilago^ hordei have been isolated on the 
basis of diiferences in their pathogenicity on eight varieties of barley. 
Although sufficient data are not yet available to peimit a detailed 
discussion of the distribution of these races, it seems evident that the 
race designated No. 6 is the most widely distributed. It was found in 
21 of the 26 States from which collections have been obtained. It was 
also the most frequent^ collected, occurring in 114 of a total of 200 
coilections. However, in California and Washington race 5 was out- 
standing, oecuning 34 times in 37 collections from California and 17 
times in 23 collections from Wasliington. The predominance of race 
5 in California may be linked with the antiquity and survival of Coast 
barley in that State.^ As noted by Harlan and Martini (7), wdien 
North America w^as discovered there were no barleys liere. The early 
Spanish missionaries introduced Coast barley into California about 
1770, ami it is still widely grown there. Of the 37 covered smut col- 
lections obtained ^ from California, 26 came from Coast and the two 
Coast-type varieties Atlas and Califonxia Tennessee Winter. Twenty- 
three of these twenty-six collections proved to be race 5. The early 
importations of Coast seed in California may have harbored this 
particular race of smut, which has survived and spread with its 
susceptible and popular host. 



Nov. 1, 1937 


Physiologic Races of Ustilago hordei 


691 


Despite the apparent .restriction of certain ' smut races to, limited 
areas, the probahilitj that the different races will be spread through 
wind disseiiiJiiatioii of spores and through the ■ interchange of infected 
seed ,ma..kes it highly desirable to breed barleys resistant or mimime to 
all the known .races of smut. To date Pamiier (C. I. 1330) has proved 
highly resistant or immune to seven races, and on.ly moderately sus- 
ceptible to one. Hordeum deficiens -(G. I. 668-1) H .^iMermedi/mn 

(Cv I. 4377), used only in the test of 1934, were highly resistant or 
iminuiie to the six races occurring in the collections of that year 
These two and Pannier also have proved highly resistant or immune to 
.two races of the black loose smut (Ustilago rdgm Ta/pke) of barley 
recently described (14, 16). In these experiments no smut has been 
observed in Hillsa (C. I. 1604) and L 3 uillpur (C. 1.^3403), ^^et the former 
was inoculated with 65 collections of U, hordei in 1933 by Paris and 
both w’ere inoculated with eight races of U hordei and two of U. nigra 
ill 1935 bjT the writer (16). In the light of the results of the present 
iiivestigatioii, it appears that physiologic races of U. hordei are not 
more riiiiiierous than those of other small-grain smuts and that the 
breeding of barleys for resistance to covered smut should not be 
hampered by lack of resistant parental material. 

SUMMARY 

Eight ph 3 "siologic races of Ustilago hordei were found in 200 col- 
lections from 26 States. Race separation was based on differences 
in pathogeniciD" on five varieties of spring barley. 

The most widcR distributed race w^as collected in 21 of the 26 
States. It was also the most generally prevalent race, occurring 114 
ti.,mes in the 200 collections. 

In California and Washington another race was conspicuously 
prevalent and widespread. It occurred 51 times in 60 collections from 
these States. 

Under the conditions of a l-year test with 28 winter varieties or 
selections, little clear-cut differential host response to the 8 races of 
covered smut w’'as obtained. Marked differences in varietal response 
to winter injiiiy occurred. A better knowledge of the influence of this 
factor on the iiicidence of covered smut in winter barleys is needed. 
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IMPROVEMENTS IN DETERMINATION OF OIL DEPOSIT 
ON SPRAYED FOLIAGE I 


By L- H. Davysey, associate chemist, and J. Hjeey, formerly assistant scientific 

aide, Division of Insecticide Investigations, Bureau of JEntomology and Plant 

Quarariiim, United States Department of Agriculture 

INTRODUCTION 

A iiimiber of metliods for the determination of oil deposit on sprayed 
foliage have been proposed during the last 7 years, but nearly all the 
reliable ones have been applicable only in the determination of the 
highly refined petroleum oils. Success with such oils has depended 
upon the fact that they remain comparatively inert, whereas a large 
proportion of the natural substances extracted from leaves is de- 
stroyed by treatment with strong mineral acid (^, 5, 7).^ Under 
such conditions it is possible to collect and measure the oil in Babcock 
bottles, and with a knowledge of the surface area of the extracted 
foliage, to calculate the deposit in terms of the quantity of oil retained 
per unit of leaf area. 

In the case of the less refined petroleum oils (3), however, the 
authors found it necessary to carry check samples, to which known 
quantities of particular oils had been added, along with the unknown 
samples, for the purpose of correcting the results both for the plant 
substaiices imdestroyed by the acid and for certain unsaturates 
eliminated from the petroleum oil itself by the acid treatment. These 
operations were no more time consuming than the average chemical 
determination. In a subsequent attempt to develop an even simpler 
method, applicable also in the analysis of fatty oils, Dawsey, Cress- 
man, and Hiley (4) tried to standardize emulsions upon the basis of 
the quantities of oil retained by wax-coated plates, but found that the 
deposit on plate surfaces was not always proportional to that retained 
by a leaf surface. It was concluded that accurate results were best 
achieved by oil extraction directly from the foliage, and since then 
work has been carried fonvard on such a basis. 

Tlie purpose of the investigations described in this paper was to 
develop improved methods for the determination of oil deposit on 
foliage which w^ould be applicable to oils of animal and vegetable 
origin as well as to the nonvolatile petroleum oils. With this objective 
experiments were carried out to ascertain (1) which was the best 
solvent to employ in recovering oil from sprayed foliage, (2) the 
optimum conditions for recovery of 100 percent of the oil, or the 
total deposit, and (3) the accuracy obtainable under the optimum 
conditions for oil recovery. 

EXPERIMENTAL PROCEDURE 

All the tests were performed with leaves from plants of the Old 
Rose variety of (^irvsanthemum {Chrysanthemum hoHoruni) which 

1 fiewived ft>r June 22, Deeember ^7. 
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had been grown in the greenhouse in pots and allowed to reach a 
height of about 12 inches. Apphcations to sprayed foliage^ were 
made with eiiiiilsioiis stabilized with bone glue in the proportion of 
g of glue to 100 cc of oil. The precision sprayer and the spraying 
methods employed liave been described previously (4)- 

EXTEACTION EFFICIENCY OF DIFFERENT SOLVENTS ON 
NATURAL LEAF SUBSTANCES 

The first , tests were carried out to determine which of the more 
common solvents was best adapted for extracting' oil from chrysan- 
tliemiim foliage.' It was appai’ent that the most suitable solvent 
would be the one in. which the spray^o.il was readily soluble and. yet 
which wmiild dissolve the least material from the leaves. 

Table 1 gives a comparison of the quantities of materials extracted 
by different solvents in the treatment of both powdered leaves and 
fresh leaf disks in a conventional type of apparatus. To prepare the 
powdered samples, imsprayed leaves were dried in an electric oven at 
110° C., powdered in a mortar, and 0.5000-g samples were weighed out 
and placed in the thimbles of an A.S.T.M. (American Society for 
Testing M at erials) rubber-extraction apparatus . Extraction was 
allowed to proceed until the liquids in the siphon cups were colorless. 
The extracts 'were filtered into weighed flasks, the solvents evaporated 
off, and the residues dried to constant weight at 110°. For the leaf- 
disk samples, 200 fresh disks of 1 cm diameter were cut per sample 
from the unspra3^ed plants. It was found that this number of disks, 
vhen dried and powdered, weighed 1.068 g. The fresh disks w^ere 
extracted m a Bailey-Walker extractor for 3 hours, the solvents 
evaporated m the original weighed extraction flasks, the last traces of 
volatile substances taken off in a vacuum desiccator at a pressure of 
2 to 3 mm of merciir^' , and the residues determined at constant weight. 

Table 1. — Relative quantities of plant substances extracted from dry, powdered leaves 
and front fresh, green chrysanthemum-leaf disks by different solvents 


Powdered leaves Fresh leaf disks 


Solvent 


Petroieani ether.,, , . 
Carbon dfeolphide, . . 
CttrlK>n tetraofelorlde 

ether- 

B'Knjem- 

Methylene ehlorlde. . 
g*I>lehloroethylene,„ 


Color of e^itract 

Eesidue 

Color of extracit 

Kesidoe 

i- ■... ■■ 

1 

Ylf 


Mg 

1 Yellow 

44.^ 1 

i Light yellow,,,.,. 

17. i 

1 Oark ^tmxk 

76.9 i 

' Brown 

34.7 

do 

80.3 

1 Yellow 

48.6 

do 


1 Green 

49.1 

L ,_do 


: Yellow, , 

3R. 2 

1 _,do 

m 1 

|, . , 


,dO- 

112. 8 



37. 5 


Although the powdered leaves were extracted in the A.S.T.M. 
apparatus and the fresh leaf disks in the. Bailej^-Walker apparatus, 
the two sets of results are at least indicative of the relative quantities 
of leaf substances extractable, since, the residues are calculated upon 
the basis of 1.06S g of dr\Meaf material continiioush^ extracted for 
approximately the same period of ■time.' , 

_ It is evident that bv drying and grinding the leaves before extrac- 
tion ec'insiderabty more nonvolatile material is extracted than when 
green disks are used. In both types of treatment minimum quantities 
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were taken out, by petroleum ether;" so this solvent appeaxed to be the 
most promising one. In the extraction of the disks the petroleum 
ether showed only a light-yellow color, indicating that very little 
chlorophyll had been extracted. This is in keeping with the fact that 
cMorophyll is contained wdtliin the leaf cells, and if the cell walls 
are not broken practically none is extracted by this solvent. Such 
small qiiantities of substances as w^ere obtained wdth petroleum ether 
from the fresh disks must, therefore, have consisted of natural 'waxes 
and oils from the surface of the leaves. It was concluded from this 
experiment that petroleum ether would be the most suitable solvent 
to use ill extracting the oil deposit from sprayed foliage, ^ 

Roluhaugh (7) claimed petroleum ether to be a superior solvent in 
the extraction of petroleum oils from dry, powdered citrus foliage. 

METHOD OF EXTKACTION AS AFFECTING OIL RECOVERY 

English (6) stated that oil was completely recoverable from Satsuma 
orange foliage in a limited number of 'washings on leaf disjs’s, because 
subsequent extraction in a Soxhlet apparatus failed to show additional 
quantities of oil. Later Dawsey (5, 5) made improvements in the 
English method, based upon the successive washing of disks with ethyl 
ether, as used in the determination of oil deposit on the foliage of 
camphor-tree, Satsuma orange, pecan, and chrysanthemum. Rohr- 
baugh (7), on the contrary, claimed that simply -washing unground 
citrus leaves in such a solvent was insufficient for complete recovery. 

It w^as therefore considered desirable to study some of the different 
methods of extraction and thereby determine the optimum conditions 
for complete recovery of the deposit from sprayed foliage. To this 
end experiments \vere performed to determine the efficiency of oil 
recoveiy in washing leaf disks a limited number of times, and also 
in continuous extraction as is best carried out in a standard type of 
extraction apparatus. 

WASHING METHOD 

The first of these tests 'was a simple washing experiment with ethyl 
ether and carbon tetrachloride as solvents. Samples containing 200 
disks of 1 cm diameter w-ere taken from unsprayed plants and from 
plants sprayed wdth a 2-percent emulsion of a highly refined petroleum 
oil. They w-ere extracted in 125-cc flasks by washing four times with 
35 cc of solvent per washing, after W’-hich the residues in the total 
extracts -were determined . All residues were determined on a voliiine 
basis in Babcock bottles except the initial extractions with carbon 
tetrachloride, which were determined by w^eighing. The specific 
gravity of the oil was 0.8512 as used in converting ■weight to volume. 
The oil from the samples of sprayed foliage was calculated by sub- 
tracting therefrom the mean of the residues extracted from the un- 
sprayed foliage. Afterward the exhausted leaf disks were dried and 
reduced to powder, and the washing treatment was repeated to 
recover any remaining oil. Table 2 shows in the case of both solvents 
the quantities of residue initially extracted and those extracted in the 
second treatment- 
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ABLE 2,^-ExtrQ.ct'iou ejllcwticy in washing the oil deposit froM mixed leaf disks 
with ethyl ether and carbon tetracMoride 

ETHYL ETHER EXTRACTIONS 


Residue from initial washings | Residue from final washings 


S. ample no. 

Sp,rayed 

disks 

Xm- 

sprayed 

disks 

Total oil re- 
covered 

Sprayed 

powder 

Un- 

sprayed 

powder 

Total oil re- 
recovered 

1 

58. 7 

Mm3 

4,3 

Mm^ 

Percent 

Mm^ 

9.2 

Mm^ 

4.2 

Mm3 

Percent 


59. 6 

I 4.3 



9.1 i 

3.9 



■4 1 

60.8 

4.6 



8.3 1 

3. 7 



4 ! 

61.2 

4.5 


_ _ 

9.3 i 

4.3 












Mean 1 

60. 1 

4.4 1 

55-7 

91.8 

9.0 

4.0 

5.0 

8.2 








i 



CARBON TETRACHLORIDE EXTRACTIONS 



1 Mg 

Mt 

Mg 


] 

1 47. 9 

7.0 

9.6 

2.4 


. i .'iLO 

7. 1 

11.4 

3.1 

a ^ .51. 1 

7. 0 

10.7 

3.3 

4 " 

. 1 53. 3 

6.’ 6 1 

12.5 

2.7 .. 


1 





.Mean..... ; 51.1 

i 

6.9 i 

: ! 

1 

(M 

1 ^ 

2. 9 8. 2 13. 6 

1 


The total deposit as obtained with ethyl ether agrees closely with 
that obtained with carbon tetrachloride, the two figures being 60.7 
and 60.1 min®, respectively, wdien calculated from the data in the 
table. In the four initial washings ethyl ether was slightly more 
eflSLcieiit, but since neither solvent recovered the oil completely, it was 
conchided that more drastic extraction measures were necessary. 

As in this example with chrysanthemum leaves, it is improbable 
that extractions carried out by Dawsey (5), in earlier work on cam- 
phor-tree and chrysanthemum foliage, recovered all the deposit. 
Washing disk samples four times with ethyl ether, however, is seen 
to give a good approximation of the total deposit on the foliage, and 
it is unlikely that the general conclusions regarding the insecticidal 
action of oil sprays drawn in previous work (f , 2) are seriously in error. 

CONTINUOUS EXTRACTION 

A continuous method of extraction, with petroleum ether as the 
solvent, was tried next. Sarnples of green leaf disks taken from plants 
sprayed with a 2-percent oil emulsion, and from unsprayed plants, 
were prepared as before and immediatel;^ extracted with petroleum 
ether in the A. S. T. M. rubber-extraction apparatus. After con- 
tinuous refluxing for 2 hours, the solvent was evaporated down on 
the water bath, the extracts were transferred to weighed flasks, and 
the residues were heated to constant weight at , 110° C. The residues 
from the initial extracts were weighed. They were then transferred 
from the weighing flasks to Babcock bottles and the oil in each sample 
was redetermined according to the previously developed volumetric 
method (3). ^ Thus, a direct check; was obt,ained upon the .accuracy 
of the weighing method. ^ Both the' Babcock measurements and the 
results ob tamed in weighing are included in table 3. After the initial 
extractions, the exhausted leaf disks were dried, reduced to: powder, 
and reextracted to determine whether all traces , of the spray oil had 
been taken out during the first operation. . The ' residues from the 
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second extractions were estimated by the Babcock method, and these 
figures are also shown in table 3. 


Table 3, — Oil-recovery efficiency of 'petroleum ether in continuous extraction on fresh 
leaf disks in A. S, T. M. extraction apparaius 


Saio.ple 

no. 


Residue from initial extraction 


Weight determination 


i Un- 

di 

disks 


Mg 

,1 J. 29.7 

2 ... i 39.3 

3. 1' 38.2 

4_- ; 38.2 

Mean.J 36.4 


Mg 


4.6 

4.5 

3.9 


Oil recovered! 


Mg i PcL 


100.0 


Babcock determination 


Sprayed 

disks 


32.4 

43.5 
43.4 
42.8 


40.5 


Un- 

sprayed 

disks 


3.4 

3.5 
3.2 


3.4 


Oil recov- 
ered 


Mto3 


37.1 


Pet. 


Residue from final extrac- 
tion, Babcock determina- 
tion 


Sprayed 

powder 


Mm^ 

2.5 

1.7 

1.8 
1.7 


1.9 


Un- ! 
sprayed I 
powder j 


M7n^ 

1.6 

1.9 

2.2 

2.1 


2.0 


Oil recov- 
ered 


Mm^ 


Pet. 


This experiment showed that it w^as possible to recover 100 percent 
of the oil deposit, provided fresh leaf disks were continuously extracted 
in a standard type of apparatus for 2 hours with petroleum ether. 
This was proved by the fact that further drying, grinding, and ex- 
tracting of the previously exhausted disks did not give any more oil 
than was obtained from the unsprayed blanks that were run simul- 
taneously. There wnis considerable variation from sample to sample, 
but the quantities of oil as checked by the Babcock method indicated 
that the weight determinations were reliable. The results of the 
Babcock determination were slightly lower than those obtained by 
the weigliiiig method, but this was to be expected since small quanti- 
ties of oil may have been lost in transferring the residues from the 
weighing flasks to the Babcock bottles. 

Table 4. — Effied of lapse of time between spray application and extraction upon the 
efficiency oj oil recovery from plant foliage 

24 HOURS AFTER SPRAY APPLICATION 


Sample 

no. 

Residue from initial extraction 

Residue from final extraction, 
Babcock determination 

Weight determination 

Babcock determination 

Sprayed 

disks 

Un- 

sprayed 

disks 

Oil recovered 

Sprayed 

disks 

Un- 

sprayed 

disks 

Oil recov- 
ered 

Sprayed 

powder 

' Un- 
spray ed 
powder 

0.0 .re- 
covered 

2 

Mg 

62. 4 
61.8 
64.2 

59.4 

Mg 
7.6 
8. 1 
,ao 
8. 2 

Mg 

54.4 
53. 8 

m.'2 

51.4 

Pd. 

. Aims 
66.8 

66.7 

69.8 
64.2 

4.2 

3.5 

3.6 
4,0 

63.0 
62.9 

66.0 
60.4 

Pd. 

M70 

1.6 

1.1 

Mrn^ 
1.7 
1.0 
^ 1.4 

.9 

Mm^ 

Pd. 


— 


1.4 


.... 

62.0 ^ 

: 

54.6 

166.6 

66.9 

3.8 

63. 1 

§9.5 

'1.4 

;■ ■■ 1.3, 

0.1 

6 


6, BAYS AFTER SPRAY APPLICATION 




55.2 

63.1 

49.9 

66.6 

8.3 

■8.2 

8.0 

8.3 

47.0 

449 

41. 7 

47.8 


56.9 
56.7 
54.0 
59. 2 i 

3.7, 

4.1 
3.4 

3.2 

ms 

53.1 

50.4 

55.6 


■■ 1 . 3 
..1.3 
. 1.2 
.1.5 

1.3 
' 1.3 
1.3 
1.1 



,2...., 





3....' 














53. 6 

I- 

a 2 

,45.4 

" mi i 

'■'66,7 ■ 

3,6 

*5^1'^ 

83. '8, 

1.3 

1.3 

0 

6 
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Fiirtiier experiineiits were conducted to ascertain whether the total 
deposit could be recovered by continuous extoiction with petroleum 
ether when the extraction was delayed and larger deposits were used 
(table 4), In these tests a set of plants was dmded, some of the 
plants being sprayed with a 5.0-percent petroleum oil emulsion while 
others wereJeft uiisprayed. The foliage from half the sprayed plants 
was analyzed about 24 hours after apphcation and the other half were 
set aside" in the greenhouse for analysis 6 days later. In both cases 
extractions were performed on samples containmg 100 disks clipped 
not more than 3 to 4 hours before extraction. Although only 84,1 
percent of the original oil deposit present could be found on the plants 
6 dar^s after spraying, reextraction of the exhausted samples, after 
dryiiig and grinding, showed the oil recovery to he 100 percent. It 
is "thought that the reduction in deposit between the fust and the 
sixth day must have been due to volatilization together with weather- 
ing {8) of the oil on the plant. 

EFFECT OF TBEATMENT OF LEAVES BEFORE EXTRACTION 

111 further experiments on processing leaves before extraction, it 
was found that only 83 to 88 percent of the total deposit could be 
recovered during a 2-hoiir continuous extraction with petroleum ether 
in the A.S.T.M. apparatus when the disks were dried but not ground 
to powder. It appears, therefore, that mere drying of the leaves 
makes the oil even more difficult to extract, so that reduction of the 
material to a powder then becomes imperative, whereas if the leaves 
are extracted when fresh, continuous washing is sufiicient for complete 
extraction of the ofi deposit, EUmination of the necessity for drying 
and grinding thus simplifies the work involved in routine analysis. 

CHECK ANALYSES 

One experiment was carried out with refined com oil, a typical 
vegetable oil, to ascertain approximately the errors likely to occur in 
handling samples during analysis. 

Eight samples, each containing 200 disks from unsprayed foliage, 
were prepared. To four of the samples knovm weights of com oil were 
added; the remaining four samples were used as blanks. The extrac- 
tions were made under the previously determined optimum conditions, 
followed by determination of the weights of residues and calculation 
of the quantities of oil known to be present. Table 5 shows the dif- 
ferences between the calculated quantities of oil present and those 
kno\YJi to have been added. The differences calculated on the basis 
of the amounts of oil present are not more than ±2 percent. The 
largest errors occurred in the first two samples where the quantities 
of oil present were small, but if differences between calculated and 
known quantities of oil are considered in terms of wnight, then it is 
seen that they fall -within the variations occurring among blank 
samples; hence, the main source of error must be ascribed to ..variations 
in the quantities of natural leaf substances in the oil-containing samples 
rather than to losses of oil in handling. 
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Table 5.- — Calculated quantities oj corn oil recovered from samples by petroleum 
ether extraction as compared with known quantities of the oil added to the samples 


Sample no. 

Oil added 

Total resi- 
due ex- 
! .tracted 

Leaf sub- 
stances 
present ^ 

Calculated 
oil present 

1 . Error 

I 

1 

1 ... 

2 ... 

3... 

4-., 



Mg 

24.9 
56.5 
113.4 
182. 3 

1 Mg 

\ 36.4 

66.8 
124. 9 
193. 5 

■ ' Mg^ 

11.5 
10. 3 
11. 5 
11 . 2 

M^g 

25.3 
55. 7 
113.8 
182.4 

1 Percent 
i +1.6 

i -1.4 

: +.4 

i .0 


Mean 




11. 1 







“"1 




5 In the blank samples the quantities of leaf substances were 11.0, 10.6, 12.0, and 11.4 nig, with a mean of 
11.3 mg. 


It is at once apparent that the accuracy in the petroleum ether 
extraction method for determination of oil deposit depends primarily 
upon haying the same cpiantities of leaf substances in both blank and 
oil-containing samples, so that when the blank weights are subtracted 
from the weights of the oil samples a true figure is obtained for the oil 
content. This is best accomphsbed by running blanks simultaneously 
with oil samples, since blanks are known to %uiry, depending upon the 
length of time they are extracted. Moreoyer, the error in calculating 
the oil deposit may be larger for small deposits than for large deposits. 
For example, the following residues were extracted with petroleum 
ether in a test on iinsprayed ehr^^santhemum foliage where the samples 
consisted of 200 disks, the time of extraction was 2 hours, and the 
Bailey -Walker apparatus was used: 


Residues, mg_ 18. 4 18.9 20.6 17.6 16.8 18.9 17.5 M==18. 4 

Difference from mean, 

mg_ 0 +.5+2.2 -.8-1.6 +.5 -.9 


The extreme difference from the mean was +2.2 in the third sample. 
If this sample had 30 mg of oil in it, the error introduced in analysis 
would have been about 7 percent; but if tliis sample contained as 
much as 300 mg of oil, the error would haye amounted to only 0.7 
percent. In practice the petroleum ether method has been found 
to show extreme errors within this range when a number of samples of 
sprayed, mixed disks are analyzed together with blank samples. 
Ordinaiily with an ayerage-sized deposit of foliage, how’-eyer, the error 
in analysis is small, and may be neglected in view^ of the fact that yeiy 
large differences in oil deposit, due to the coyerage factor in spraying, 
completely obscure small errors such as are detectable in the fore- 
going , type of,, check analysis. 

DISCUSSION 

Although most of the experimental data were obtained with a 
refined petroleum oil of 94-percent unsulphonatable residue, the 
petroleum ether extraction method for determination of oil deposit on 
foliage, wiieii carried out under appropriate conditions,, is applicable 
to nearly all kinds of nonyolatile .. insecticidal oils, rincluding the 
yegetable, animal, and less refined petroleum oils, the last named. :of 
wiiich are appreciably attacked- by acid treatment, in the hitherto 
employed Babcock methods of analysis. ,A limitation exists, how^ever, 
in the detennination of semiyolatile oils^uch as pine oil, orange oil, 
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OF kerosene, inasiiiiicli as eYaporation losses take place cliiring analysis. 
Tile analytical procedure can be followed with standard pieces of 
laboratory eqiiipmeiit, since it embraces only four operations: (1) 
Cutting leaf disks in preparation of samplesj (2) extracting samples 
with petroleum ether^ _(3) evaporating the solvent, and (4) drying 
residues to' constant weight. The extraction can be made practically 
automatic with the aid of an electrical time switch, so that the labor 
is expended chiefly in cutting the leaf disks and weighing the resicliies. 

^ Although the method has been developed primarily for determina- 
tion of oil deposit on chiysanthemum, it is possible that the same 
principles can be applied to other kinds of foliage. For example, 
apple leaves are knowm to give very much smaller blank residues than 
chrysanthemum leaves, on the basis of equivalent foliage areas; so 
the method may be applicable in the analysis of apple foliage with even 
greater acciiracy. Whether the method can be used on citrus is not 
known, but it is thought that waxy leaves will give larger blanks, 
thereby lessening the accuracy somewhat. 


SUMMARY 

An improved weighing method is described for determination of oil 
deposit on chrysanthemum foliage after spraying with emulsions 
The method is applicable to nearly all kinds of nonvolatile insecticidai 
oils, mcliidmg both petroleum oils and fatty oils. The procedure 
consists of four steps: (1) Cutting leaf disks in preparation of samples 
(2) extracting samples, (3) evaporating the solvent, and (4) drying 
psidues to constant weight. Kecovery of oil from chrysanthemum 
foliage IS 100 percent. 

Petroleum ether was found to be the most suitable solvent to use in 
extraction, because it dissolved smaller quantities of the natural 
plant substances present on the foliage than other solvents tested 

Ail the oil coiildmot be extracted by simply washing disks a limited 
number of times, but when samples contained freshly cut disks and 
exti action was carried out in a standard type of apparatus for 2 hours 
recoveiy was complete. Drying and gnndmg of the foliage before 
extraction wms not necessaiy for complete recovery of deposit even 
6 days after spray application. 

The accuracy; attainable by the method is influenced by the varia- 
tion m quantities of natural leaf substances extracted from the same 
number of leaf disks, from sample to sample, and depends upon the 
deposit bemg measured as compared with the quantitv 
oi leaf substances present. The error in calculating low deposits is 
larger tlMu the en-or in calculating high deposits. With average-sized 
and higher oil deposits the error in analysis is small and mav be 
neglected, since very large differences, due to the coverage factor in 
spraying, obscure any errors detectable by the method of analvsis 
when used m actual practice. 
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INTERRELATIONSHIPS OP EGG PRODUCTION FACTORS 
AS DETERMINED FOR WHITE LEGHORN PULLETS ^ 


By I. Michael Lernbr, junior poultry hushand^nmi and Lewis W. Taylor, 

head, division of poultry husbandry, California Agricultural Experiment Station 

INTRODUCTION 

It lias long been recognized that the egg-producing ability of the 
domestic fowl depends on a number of inherited and noninherited 
factors. Since the early attempts to identify and describe these fac- 
tors a voluminous literature has accumulated, dull (7) “ has compiled 
a bibliography which includes the larger proportion of papers published 
ill this field. It must be pointed out, however, that only a few such 
papers deal with the actual establishment of criteria for these factors. 
Most of the papers present statistical analyses of observables, de- 
scribed by arbitrarily selected criteria. 

Of the attempts to justify the use of one or another measurement 
on other than empirical grounds, a notable contribution is that of 
Knox, Jiill, and Quinn (8), who studied the interrelationships be- 
tween a number of different heritable and iionheritable factors as 
well as their relation to the annual egg record. Their conclusions 
were somewhat at variance with some of the work reported earlier, 
such as that of Hays and Sanborn (6), and with some of the work 
published since (Lerner and Taylor {9, 10, It)), The latter have 
suggested the use of a number of criteria for the measurement of 
certain of the factors affecting egg production. The present paper 
deals with some extensions and further ramifications of these. 

Essentially, there are two types of genetic factors that enter into the 
expression of the egg-laying ability of the fowl. The first type affects 
the period of time during which the bird is in lay, and includes maturity, 
pemistency, and pauses due to broodiness or other causes. The second 
type deterniines the intensity or rate of production of the birds when 
in lay. 

Maturity has been found to be adequately measured by the age at 
first egg (Warren (14); Knox, Jull, and Quinn (S); Hays {5)). Persis- 
tency has been defined differently by different workers, and the grounds 
on which age or date at last egg are suggested as criteria for its measure- 
ment have been discussed by Lerner and Taylor {10), , ■ Pauses as, yet 
have been defined only arbitrarily, various measurements of pause 
having been used by Hays {S, 4) ^'Hd others. The measurement of 
rate has also been a controvei'sial issue, particiilaiiy in the relation of 
rate to pauses. The use of net rate of production (number of eggs 
divided by number of days in the laying period considered, less the 
number of days broody and in pause) has been discussed by Lerner 
and Taylor (9), The application of these criteria and the effect of 
the observables they measure on egg production form the subject for 
the analysis presented in this paper. 

1 Rwived for puWieation June 12, 1937; issued December 1937. Assistance in the caleulatlon of statistical 
constants was pro\ided by the Works Progress Administration. 

2 Reference is made by number l italic) to Literature Cited, p. 712. , 
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MATERIALS AND METHODS 

The trap-iiest records of the Single-Comb White Leghorn flock of the 
Poultry Diyisioii were used for the raw data of this analysis. The 
first-year laying records of two generations of birds were examined 
and oiil,T those"'" of individuals that answered the following require-, 
iiie,iits were selected: (1) Birds that -had completed their full first 
.biological hryiiig year. ’ This eliminated all birds that died or were 
otherwise disposed of before undergoing a complete molt at the end 
of the first hiying year. (2) Birds that did not pause; that is, had 
no periods of ^7 cniisecutive days of nonproduction ^ during this time. 
This requirement was set up to eliminate the question of pause from; 
consideration as far as possible until such time as more precise criteria 
of pause than those now used become available. It is recognized that 
the establisliment of such a requirement has a certain element of 
arbitrariness in it, but it is likely that only a few, if any, birds which 
are genetically paiisers would be included in the selected population 
when 7 days is used as the standard for pause. A possible shortcom- 
ing of thisAiiethod lies in the exclusion of some iionpausing birds and 
the consequent reduction in the number of birds represented in the 
populations studied. 

These requirements provided a highly selected population of fairly 
superior layers. Since the hatching season for the 2 years studied 
was confined to March and April, and the management was uniform 
throughout, environmental variation may be considered as having 
been greatly restricted. The analyses for the 67 birds of the 1933 
series were made separately from the analyses for the 100 birds of the 
1934 series, so that duplicate figures for the 2 years are presented. 

The statistical methods used are those described by Ezekiel (^), 
except for the calculation of the coefficient of multiple correlation, 
which was made in accordance with the method of Wallace and Snede- 
cor (13), and the analysis of variance, which was performed in accord- 
ance with Snedecor's manual (IS). A fuller discussion of the various 
nieasures of part and partial correlation used will be made in cGiijunc- 
tion with the data presented. 

EACTOES CONSIDIEED 

Two measures of annual egg production were used: (1) The production 
cliiiiiig the 365 days immediately following the fimt egg, wffiicb is the 
measure most commonly used in breeding and in experimental prac- 
tice; and (2) the production during the whole of the first biological 
laying year, from the first egg at sexual maturity to the last egg laid 
at the onset of fall molt. The latter measure reflects more accurately 
the inherent ability of the bird to lay, since it lacks the arbitrary eie- 
nieiit introduced in the first measure. 

Since the population selected wms nonpausing and iionbroody, the 
t)ixly tiiiie factors involved are maturity and persistency. Age tit first 
egg was adopted as the measure for the' former and age at last' egg for 
the latter. Material presented elsewhere (11) indicates that for the' 
population studied the two measures are -equivalent so far as the pro- 
portion of variance that is genetic, in .nature is concerned. Although 
on the basis of susceptibility to environmental differences, date of last 
egg was found to be a siipei^ior measure of persistency, age at last egg 
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was used here by analogy with the measurement used for sexual 
maturity. 

The type of measurement for rate of production presented the most 
difficulty. Though on the basis of considerations previously outlined 
(9) net rate was to be used, the essential point of importance was the 
selection of the period of time to be used for the determination of rate, 
xis a first step, the calendar year was divided into three 4~moiith pe- 
riods, designated winter (November-February), spring (March-June), 
and summer and fall (July—October). For the sake of brevity the 
last period will henceforth be referred to as summer. 

The rate of production for each bird for each of these periods was 
calculated and then used individually in combination with the two 
measures of the time factor. Kate was also measured by single 
monthly periods but these calculations are not presented, since the 
establishment of broader principles rather than details is desired here. 

As the first step in the analysis proposed, the heritability of the fac- 
tore to be studied was determined. ^ The simplest way of approaching 
this problem is through the determination of the relative variance in 
the observables studied which can be assigned to the differences be- 
tween the sires of the pullets used in the study. While such variance 
would represent only a portion of the total genetic variance, a relative 
estimate of the sires’ contribution which fuids its expression in the 
phenotype of the daughters is made. Since the number of different 
sires involved in the 1933 series was somewhat out of proportion to the 
number of daughters, the analysis of variance was carried out only for 
the 1934 series. The results of this analysis are presented in table 1. 
The lower limit of significance for the degrees of freedom involved is 
an F value of between 1.65 and 1.88, and it may readily be seen that 
with two exceptions all the values are liighly significant- Winter 
rate is found to have border-line significance, but undoubtedly passes 
the test of heritability since only a portion of the genetic variance is 

Table 1. — Analysis of variance of the dependent and independent mriaMes with 
respect to sires^ 1984 series ^ 


I 36May production ®!eir producttoT Age at first egg 


Soiire© of varitBce 

of free- 1 




— .. 

j ■ — 



dom 1 

‘ Total 

Mean 

Total 

. 1 

' Mean 

Total Mean 



squares 

square 

1 squares j 

I square 

squares ^ square 

Total - 

99 

101, 093 


i 1 


86 275 





1 




Between means of sires { 

19 

45,78f} 

2,409,8 

M,834 

I 4,464.9 

22,584 1,188.6 

Within means of sires i 

go 

55,307 

691. 3 

■ 89,069 

I 1.238.4 

i 63. 691 796, 1 

r 



3.49 



1 3. 61 

1 . 1 

1 J i.49 


Age at ’last egg 

I Winter rate 


Spring rat^ 

e Summer rat© 

•• ' Source ef ¥arianee 






1 

1 i ' 


Total 

Mean i 

Total 

■ Mean 

Total Mean j Total • Mean 


squares 

square 

squares 

square 

squaresj square | sqimresj square 

Total.., ' 

• 1S3, 150 


5, 511 



5,211 1 . 

. i 6 178 









Between means of sires.. 

76,039 

4,002.1 

%m 

89.4 


h34S 1 123.6 i 2.367 1 124.6 

Within itjeans of sires 

107, 116 

■ i,m@' 

. ■ 3,:S13 

47.7 


2. 863 1 3i 

x8 i 3,811 47.6 

F i 


. ■ a99 


1.88 

-■ 

’ 3.45 1 ? 2.62 


s. F at 5-fwreeiit point —i.HH; F at l-percent iM>mt —2.12. 
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represented here. The lack of significance in age at first egg is, how- 
ever^ surprising, not only because there is no question ^as to its genetic 
nature (d, 14 )? but also because at least one of the pairs of genes con- 
ceriied in its determination is known to be sex-linked. Thus the 
greater portion of the genetic Taiiance exhibited in the daughters 
should be ascribable to "the influence of the sire. A more complete 
test made on a larger population where pausing pullets, were also 
included in the analysis indicated 'that a genetic basis for age at first 
egg cannot be questioned {11), 

CORRELATION ANALYSIS 

The coefficients of simple correlation between the various observ- 
ables studied a,i'e presented in table 2. Instead of the standard errors 
of these coefficients, the, values of f, representing values most probably 
true for the universe from which the sample was drawn and calculated 
ill accordance with the formula presented by^ Ezekiel {2), are given. 
These values serve as an adjustment for the size of the sample used, 
at the same time indicating the true magnitude of various correlation 
coefEcieiits with a greater degree of accuracy. 


Table 2. — Zero order coefficienis of correlation^ 1933 and 1934 series 


\'ar,iables correlated ' ! 

1933 series 

1934 series 

r 


r 

r 

34>day production, a,ge at fl.rst egg i 

-0. 348 

-0.329 

-0. 387 

-0. 376 

365-day production, age at last egg... i 

. 431 

.417 

. 542 

.536 

SK-flay productio.n, wint,er rate , 

. 495 

.484 

.543 

.537 

365-day produOioru spring rate - 1 

365-day production, suminer rale J 

.705 

.699 

.561 

.555 

.565 

,556 

.463 

.454 

Biolc^icfti! laying-year prodiicjtion, age at first egg ■ 

-.430 

416 

381 

' -.369 

Biological laying-year production, age at last egg - 

. 592 

. 583 

. 691 

,.'687 

Biological laying-year production, winter rate ■ 

.466 

. 453 

. 502 

.495 

Blc logical laying-year production, soring rate 

. 594 

.586 

. 359 

.346 

Biological laying-year production, summer rate i 

.484 

.472 

.380 

.367 

Age at first egg, age at last egg - .... j 

. 131 

, .045 

.151 ^ 

,.114 

Age at first egg, winter rate : 

.087 

1 0 

; .138 

. 095 

Age at first egg, spilng rate -... : 

.020 

0 

i .133 

.089 

Age at first egg, sunmier rate,, ■ 

. 142 

.071 

1 .0^29' 

0 

Age St last egg, winter rate - 

.137 

.063 

. 177 

. 145 

Age at last egg, spring rate, 

.159 

.100 

5 .271 

.252 

Age at last egg, summer rate 

. 243 

- 212 

; .090 

0 

Winter rate, Spring rate, : 

,589 

Im 

1 ,471 

. 463 

Winter rate, summer rate - ' 

.348 

.329 

} . 212 

.187 

Spring rate , summer rate- 

. 745 

i. 

.740 

1 .9t)5 

.904 


It is evident from table 1 that the ,five independent, fac tors nxercise 
an influence on the annual record, measured either by the 365-day or 
bv the biological laying-year production. The time "factors are rela- 
tively independent of each other,- the coefficients of correlation between 
age at first e^g and age at last- egg being 0.'045 and 0,114 for the two 
respective series. Age at first, -egg also shows very low correlation vdth, 
the three measures of rate, the coefficients, varying in. magnitude f,ro,ni 
zero to 0.095. Age at last on the other hand, shows somewhat 
higher coefficients of correlation with .the rate measiirenients,. .How- 
ever, the two series do not give -exactly the same results. In order of 
magnitude, age at last egg is most closely correlated with s.um.mer rate 
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and least with winter rate for the 1933 series, while for the 1934 series 
it shows a zero coefficient \rith summer rate and the highest yalue of 
0.252 with spring rate. 

Correlation coefficients between rates during the different seasons • 
also show some variation. The liighest correlation obtained is between 
spring and summer rate, followed by that between winter and spring 
rate, the lowest coefficient being that between winter and summer rate. 
The latter is, of course, to be expected, since the two periods do not 
follow one another on the calendar scale, as is the case with the other 
correlations. 

Table 3 presents coefficients of multiple correlation with two and 
three independent factors at a time and the two production measures 
ill turn as the dependent variable. The most probable values of the 
coefficients for the universe are once more presented instead of the 
standard errors, and these values are used for calculations leading to 
the results presented in the subsequent tables. 


Table 3. — Coefficients of multiple correlation^ 1933 and 1934- series 




1933 series 



1934 series 


IiidependeBt variables 

365-day produc- 
tion 

Biological lay- 
ing-year pro- 
duction 

365-day produc- 
tion 

Biological lay- 
ing-year pro- 
duction 


R \ 

R 

R 

R 

R 

R 

R 

R 

Age at first egg, age at last egg 

i 

0.504 i 

0. 577 

0.782 

0. 775 

0.721 

0. 714 

0.848 

0.844 

Age at first egg, winter rate 

.632 i 

.616 

.663 

.650 

.716 

.709 

, 678 

.670 

Age at first egg, spring rate 

.793 1 

, 7 85 

.740 

.731 

,730 

.723 

. 562 

. 550 

Age at first egg. summer rate. 

.711 1 

.701 

.699 

.688 

.612 

.602 

.545 

.531 

Age at last egg, winter rate 

,616 i 

.600 

.70S 

.697 

. 708 

,701 

. 791 

.786 

Age at last egg, spring rate—. 

. 775' 1 

.767 

.779 

.771 

.693 

. 6S5 

.. 713 

.706 

Age at last egg, summer rate 

.Ml i 

,627 

.688 

.676 

.m 

675 

.760 

.764 

Age .at first egg, age at last egg, win- 
ter rate 

.757 i 

.744 

.S91 

.885 

.883 

.879 

.958 

.956 

A ge at first egg, age at last egg, spring i 
rate 

i 

.876 1 

,869 1 

.932 ; 

.929 

i .864 1 

, 860 1 

.878 

.874 

Age at fi.rst egg, age at last egg, sum- i 
mer rate-.., ! 

. 791 ' 1 

.780 

.885 : 

.879 1 

i ! 

1 1 

.836 1 

1 j 

.830 

.909 

. 906 


It may be noted that the addition of any factor one at a time raises 
the values of the coefficients of correlation above tliose obtained with 
two variables. Using three independent factors at a time further 
increases the magnitude of the coefficients of correlation obtained; 
The squares of these coefficients are used as the coefficients of total 
determination (table 4). They indicate the percentage of variance in 
the annual record which is accounted for by the variance in the three 
independent factors. 

No uniformity can be observed as to the magnitude of the total 
determination with respect to the measures used for rate. Thus in 
the 1933 series the highest coefficients obtained are those for which 
spring rate is used, accounting for 75.6 percent of the variance of the 
365-day record and 86.3 percent of that of the biological laying-year 
production. In the 1934 series, however, it is the winter nUe w’hich 
gives the highest determination,: accounting for 77.3 and 91.4 percent 
of the variance for the two respective measures of an annual produc- 
tion. On the other hand, the lowest coefficients are obtained when 
winter rate is used vith respect to the 365-<iay production and sumi^r 
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rate witli respect to biological laying-year production in the 1933 
series. In the 1934 series summer rate in the first case and spring in 

tlie secoiKi yielded the lowest values. 

Table 4. — CoelTicie-nis of iolal determination^ 1933 and 1934 series 



1933 series 

1934 series 

Dependent variable 

Independent variables 

Coeffi- 
cient of 
total de- 
termina- 
tion 

Standard 
error of 
estimate 

Coeffi- 
cient of 
total de- 
termina- 
tion 

Standard 
error of 
estimate 

365-day product ion 

Biologicfil laying- | 
year production. . . 1 

Age at first egg, age at last egg, winter 
rate. 

Age at first egg, age at last egg, spring 
rate. 

Age at first egg, age at last egg, summer 

, rate. 

Age at first egg, age at last egg, winter 
rate. 

Age at first egg, age at last egg, spring 
rate. 

Age at first egg, age at last egg, summer 

, rate.. 

0. 553 

.-£6 

.609 

.783 

.863 

.773 

19.8 

14.6 

18. 4 

16. 9 

13. 5 

17.3 

0. 773 

.739 

.689 

.914 

.764 

. 821 

15.2 

16.3 

17. 8 

12.9 

21.4 

18.6 


The coefRcients of total determination obtained by Knox, Jull, and 
Quinn (S) fall within the range of values presented here. These 
workers, however, used six independent factors, and the highest co- 
efficient they obtained with a nonselected population of White Leg- 
horns was 0.766. Thus for the above coefficient, date of hatch, date 
of first_ egg, age at first egg, length of winter pause, and number of 
eggs laid in August and September -were used. Date of hatch is not 
a heritable factor; age at first egg and date of first egg are duplicating 
measures of maturity since the coefficient of simple correlation reported 
by Knox, Jull, and Quinn between these two variables is 0.901. The 
number of eggs laid to March 1, though designed to measure intensity, 
is also a measure of pause, showing a correlation coefficient with length 
of winter pause of —0.824. Similarly, production in August and 
September falls short of being an adequate measure of pei-sistency, 
since it is probable that the element of rate influences it, although no 
correlation coefficients to test this point are presented by Eaioxrjull. 
and Quinn. ~ > 

Wiien these workers used only three independent measurements, 
purporting to measure the same observables as used in this paper, a 
coefficient of multiple determination of 0.745 was obtained for a White 
Leghorn flock and of 0.785 for a Rhode Island Red flock, values 
wliich are of the same general magnitude as the ones reported here. 
It should be noted that these independent observables measuring rate 
(production to Mar. 1) and persistency (August and September pro- 
duction) both form a part of the annual record, thus tending to make 
the coefficients reported spurious to a degree. In the case of rate as 
measured here this may also be partially true, since in a nonpausing 
population net spring rate differs from production for the spring period 
by a constant (the reciprocal of the number of days in the period). 
So far as winter and summer rates are concerned, the number of days 
m the production period is not the same for all birds and hence this 
cpj^cism is less applicable. 
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Table 4 also presents the standard errors of estimate for the coefh- 
cients of total determination. These have been obtained directly 
from the latter coefficients in accordance with formula 49 of Ezekiel 
Their magnitude varies from 12.9 to 21.4 eggs for the different 
combinations presented and their values indicate the degree of relia- 
bility to be placed on the multiple correlation values. 

Table 5 presents the constants of the multiple regression equations 
froiri which estimation of either the 365-day or the biological laying- 
year production may be made. These were used for the calculation 
of the part determinations. 

Table 5 . — Consianis of ihe mdtiple regression equations^ 19SS and 1934 series 


Free 

term 


-3. 40 
-39. 22 
45.23 
-102.15 
-131.94 
-46. 06 
1.27 
-41.61 
-8. 56 
-123.08 
-149. 21 
-127. 79 


RELATIVE IMPORTANCE OF THE INDEPENDENT VARIABLES 

The determination of the relative influence of the independent vari- 
ables on the dependent factor is a somewhat complex procedure. A 
number of methods are available for this purpose, but it may often 
happen that different interpretations are possible when different 
methods are used. When equal or proportional numbem of observa- 
tions for various subclasses are available, an analysis of variance prob- 
ably serves the purpose best. However, when such is not the case 
and when the maldng of certain assumptions necessary for such an 
analysis is not a justifiable procedure, other methods have to be used. 
Ezekiel (f) presents four such methods, of which three have been used 
for this study. The fourth, involving the calculation of coefficients 
of separate determination, does not give the net action of each of the 
mdepeiidents on the dependent variable, and includes the interactions 
between the mdependents in the final values obtained. Furthemiore, 
Ezekiel does not recommend the use of this method on a number of 
other grounds. 

The three methods used here involve the determination of the coef- 
ficients of partial correlation, the coefficients of part correlation, and of 
tlie partial beta coefficients. The relative magnitude assigned to each 
of the independent variables affords a measurement of their importance 
in inlluencirig the dependent factor. 

The first of these coefficients is a measure long familiar to the workers 
in the field of inheritance of egg production. The squared coefficient 
of partial correlation measures the reduction due to the added factor 
in the variance remaining after the effects of the other independent 
factors have been accoimted for. It is calculated in accordance with 
Ezekiel s formula 50, and the values obtained appear in table 6 under 
the heading ‘^Reduction in unexplained variance.’^ 


Serie.s 


Dependent variable 


1934,., 


1933.,.. 


365-day p,rodiietion._..- 

Biological lajing-year produc- 
tion 1-, 

365-day production 

B iological laying-year 


Age at 
first egg 


Age at 


-0. 52 
-.48 
-.53 
-.74 
-.70 
-.75 
-.42 
-.55 
— . 55 
-. 64 


0.34 
.31 
.31 
.60 
..57 
. 57 
.40 ! 
.36 
.44 
.69 
.66 
.74 I 


Winter 

Spring 

Summer 

rate 

rate 

rate 

2.25 



2. ,67 



1. 92 

2. 33 



1 2.66 



1.90 

1.55 
j 


iir 


L 77 

j 


1.68 

1 2.40 i 


L - i 

1. 77 

! -i 




Taislk 0 . — Rdaiive importance of factors affecting the annual record^ 1933 and 1934 series 
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The coefficient of part correlation differs from the first measure in 
that the adjustment for variation is made only in the dependent 
factor. The coefficient of partial correlation may be said to measure 
the relationship between the net variation of the independent factor 
from wffiich the variation due to other uidependent factors is renaoved 
and the net variation of the dependent factor, similarly adjusted. 
The coefficient of part correlation, on the other hand, measures the 
relationship between the latter and the gross or unadjusted variation 
of the independent factor considered. It is calculated from formula 
51 of Ezekiel, and the squared values of it appear in table 6 in the 
columns headed “Coefficient of part deternaination.” 

The third method used involves the partial beta coefficients, which 
represent the coefficients of the regression equations placed on a 
comparable basis with each other by expressing them not in the units 
hi which they were originally stated but in terms of their respective 
standard deviations. To avoid negative values the squares of these 
coefficients rather than the coefficients themselves as determined by 
EzekieFs formula 52 are presented in table 6. 

The values obtained by these three methods do not always give the 
same order of magnitude for the different variables, but general trends 
can be deduced from examination of the order in which they appear for 
the different regression equations. Thus perusal of table 6 brings out 
the fact that when the biological laying year produc tion is considered, age 
at last egg is the single factor of greatest importance. Except in one in- 
stance, that of the 1933 series partial correlation coefficient when sum- 
mer rate is used as the measure of intensity, higher values are obtained 
for age at last egg than for age at first egg or any of the three rate 
measures used. Age at first egg undoubtedly seems to be the factor next 
in importance, the rate measures showing the lowest values throughout 
with a minor exception in the case of the 1933 series, where spring 
rate gives a somewhat liigher value than does age at first egg. 

Wlien the 365-day production is considered the picture is hot as 
clear-cut. Age at last egg still may be considered as the most im- 
portant factor, although in a number of cases it appears to be some- 
what less important than rate. Age at first egg gives uniformly the 
lowest values for the 1933 series, but shows greater influence on the 
egg record in the 1934 series. 

So far as the relative value of the three measures of rate is con- 
cerned, it is hard to pass judgment on the basis of table 6 alone. 
HowevOT, comparison of the data from this table with those of table 
4 definitely establishes the point that summer rate is the least ade- 
quate of the three measures. Spring rate seems somewiiat superior 
to wdiiter rate, although in a number of cases, particularly when 365- 
day production in the 1934 series is considered, winter rate accounts 
for a greater percentage of variance than does spring rate when age at 
first egg and age at last egg have been already accounted for. 

In general it may be considered as established that in this non- 
pausing population the time factors are of greater importance than 
the rate factor. Of the factors considered age at last egg, measuring 
persistency, is^ the greatest single factor affecting the expression of 
the inherent ability of a bird to lay eggs. The significance of this js 
enhanced by the fact that Asmundson (1) using similar methods of 
analysis found that this observation also ho|ds true for turkeys, w^'fi-en 
date of last egg is used as a measure of persistency. 
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CONCLUSIONS. AND SUMMARY 

A biometric analysis of the egg production records of two selected 
nonpaiismg population of Single-Comb White Leghorn pullets 

reveals that: 

(1 s 55.3 to 91.4 percent of the varianee in annual egg record as 
measured by 365-day or by biological laying-year production can be 
accoiiiitecl for by the variation in age at first egg, age at last egg, and 
winter or spring or summer and fall rate. 

(2) The variance of these factors is to a considerable degree genetic 
in iiatitre. 

(3) Of the factors considered age at last egg is the most important 
single factor affecting egg production. 

(4) Net summer and fall rate of production is not an adequate 
measure of intensity, the use of spring ^or winter rate giving more 
accurate estimates of the annual production. 
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COMPARATIVE REACTION OF OAT VARIETIES IN THE 
SEEDLING AND MATURING STAGES TO PHYSIOLOGIC 
RACES OF PUCCINIA GRAMINIS AVENAE, AND THE 
DISTRIBUTION OF THESE RACES IN THE UNITED 
STATES^ 

By M, N. Levine, pathologist^ Division of Cereal Crops and Diseases, and D. C. 

agent, Division of Forage Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 2 

INTRODUCTION 

In the course of studies carried out at the Minneso^ta Agricultural 
Expermieiit Station on the reaction of different varieties and hybrids 
of oats to the stem rust fungus, Puccinia grmninis amnae Eriks, and 
Henn., the following questions arose: (1) Would the results obtained 
from inoculating seedling plants with specific physiologic races corre- 
spond with the results procured when plants of the same varieties 
approaching maturity were inoculated with identical races of the 
fungus? (2) With how^ many and with which particular ph^^siologic 
races is the oat breeder likely to be confronted in^ the United States 
in any given area or in the country as a whole? Field practice might 
be considerably simplified and expedited if heterozygous and homozy- 
gous Fg lines could be classified on the basis of seedling reaction in 
greenhouse tests; and the problem of developing resistant varieties 
might be facilitated if adequate knowdedge ■were available regarding 
the prevalence and distribution of the different physiologic races of 
oat stem rust,. 

Results obtained by various workers in the past have, in the main, 
indicated, essential agreement between seedling and adult-plant reac- 
tion to rust within the limits of a given crop variety, although a few 
notable exceptions have been reported. It was to investigate this 
point for each known physiologic race of P%ccinia gtaminis amnae, 
tested on standard varieties and promising strains of oats, that the 
present study was undertaken. The work was greatly simplified by 
the use of purified cultures of all known physiologic races of oat stem 
rust, by the availability of some very important varieties and strains 
of oats commercially gimvn or in the process of development, and by 
the accumulation of rust-survey data over a period of many years. 

1 Riroived for publication Feb, 3, 1^7; issued December 1Q37. Joint contribution of the Division of 
Cereal Crops mid Diseases, Bur«iu of Plant Industry, U. S. Department of Apiculture, and the Division of 
Plant Pathology and Botany and the Division of Agronomy and Plant Geneti(», State Agricultural Experi- 
ment Station, University of Minnesota. Paper no. 1499 of the Scientific Journal Series of the Alinnesota 
Agricultural Experiment Station, 

3 The writers are indebted to Drs. E. O. Stahman and H. K. Hayes, of the Minnesota Agricultural Experi- 
ment Station, for their interest and assistance in this investigation; to Dr. W. L. Gordon, of the Dominion 
of Canada Rust Research Laboratory, and to Dr. B. 0. Cotter, of the Division of Plant Disease Control, 
Bttimii of Entomology and Plant QuMAntine, 0, S. Department of Agriculture, for uredial material of the 
several parasitic races of oat stem rust used in this study; to members of the Division of Plant Disease Con- 
trol, Bureau of Entomology and Plant Quarantine, and others, too numerous to list by name, who have 
supplied rust specimens from various parts of the United States in the course of many years, and to Drs. 
E. C. Stafcman, D. L. BaUey, A, W. Henry, J, M. Wallace, and R. 0. Cotter for valuable help in identifying 
many of the stem rust collections forming part of the survey inwrporated In this paper. 
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with stem ni^t. Similar results were obtained with crowm rust. 
Diirrell and Porker found tlmt oats in the seedling and heading 
stages reacted simiiarlT to crown and stem rust in greenhouse and 
field tests. Stakiiian, Levine, and Bailey {31) stated that ''as a result 
of previous A^iork, it is safe to conclude that the reaction^ of seedlings to 
rust forms is a fairly a<*cnrate index of the reaction of older plants'’ 
wliere oat stem rust is concerned. It appears from their description 
of methods, that Mackie and Allen [21) might have noted a positive 
forrektion between seedling and adult plant reaction, though no 
definite statement concerning this point was made by them. 

The results obtained by Bailey (I) on the reactions of seedlings and 
adult plants of oats to stem rust indicate the existence of a close agree- 
ment in the material he used. Gordon {8) found that some 230 
varieties and strains of oats of American and European origin were all 
highly susceptible in the seedling stage to race 6 of Piiccinia graminis 
arenae, and that the seedlings of all but 1 of these varieties were about 
equally susceptible to race 4. In a field test these twm rust races were 
similarly virulent on adult plants. Levine, Stakman, and Stanton 
(20) noted a general agreement in the reaction of certain varieties of 
oats, grown in uniform rust observation nurseries at various experi- 
ment stations during the o-year period 1923-27, with the reaction of 
seedling plants grown in the greenhouse to physiologic races of stem 
rust isolated from these nurseries. Welsh (40) demonstrated that in 
all cases wdiere resistant lines of oats were, tested with races 1, 2, 3, 5, 
and 7 of P, graminis avenue j in the greenhouse and in the field, there 
was full agreement in the reaction of the seedlings with that of the 
maturing plants. According to Gordon (9), essentially the same re- 
sults wrere obtained wdth seedling and adult plants of Joanette strain, 
when inoculated with identical physiologic races of stem rust of oats 
and cultured under comparable temperature conditions. Smith (29) 
noted essential agreement between seedhng reaction to stem rust and 
crown rust of oats, growm under greenhouse conditions, and the reac- 
tion of adult plants of the same Fa famihes w^hen grown in the field, 
hi the environment existing at University Farm, St. Paul, Minn. 

The foregoing review' reveals a striking uniformity in the results 
obtained by various wrorkers regarding the relative susceptibility to 
rast of oat plants at different stages in their development. In vir- 
tually all eases there appeared to be a harmonious agreement in the 
reaction of seeding and^adult plants of oats to both stem, and crown 
rust* No such correlation prevailed in every instance reported for 
w^heat varieties^ as was brought out in the preceding section. 

MATERIALS AND METHODS 

The oat varieties of the present study, tested both in the adult and 
seedling stages, were as follows: Gopher (C. 2027), Victoria (C. I, 

2401)> Minnesota 742 fC. I. 2874)^ .inthony (C. 1. 2143), Alinrus 
(C. I. 2144), Eainbow (C. I. 2345), and Richland (C. I. 787), These 
oat strains were used because of their importance in the breeding 
projecAl of the Afinnesota Agricultural Experiment Station or because 
o.f differential characteristics valuable in the identification of stem rust 
races. The varieties Gopher and Victoria always have been highly 

'* C I refers to aeiKssioa number of the Divisioii of Cs’eal Crops aud Diseases (formerly OfSw of Cereal 
Inresiigationsi, 

* Hybrid selection, Minuesota mirMry stcKifc ro. II-22-2SSQ. 
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Plate i 




Reaction classes assigned to differential varieties, based on infection types produced by physiologic races 
of stem rust on seedling plants of oats; Resistant class, exemplified by type 0 (no infection at all or 
pronounced necrotic flecks), type 1 (minute uredla surrounded by distinct necrotic areas), and type 2 
ismall uredia embedded in hypersensitive areas ranging from slight necrosis to definite chlorosis); B, 
susceptible class, portrayed by type 3 (medium size ur^ia with some chlorosis but no necrosis), and 
tyi>e 4 (large and confluent uredia resulting in severe infection); C, mesothetic class, marked by tvpe X 
(infection heterogeneous and rather Ol-defined). 






Plate 2 
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susceptible to all known physiologic races of Puccinia graminis avenae. 
Aiitlioiiy, Miiims, and Mimiesota . 742. react very much, like their 
White. Ta:,rta,r (White Eussian) parent to the various rust races. The 
stem rust reactions of Rainbow^ and .Richland are vii'tu,ally identical, 
and either may serve as a substitute differential host for the other. ^ 

Gopher, a pure-line selection from Sixty-Day, was described in 
detail by Stanton, Griff ee, and Etheridge (3S). 'Victoria was described 
by Murphy and Stanton (BS) and. again by Stanton and Murphy 
{36). Minnesota 742 is a strain that was obtained, from /Crossing 
MinotaX White Tartar by Black Mesdag; it ' is generally extremely 
resistant to loose and covered smut, and is at least moderately resistant 
to .most parasitic races of stem rust. Minrus was described by Wilson 
a.i:„ul .Amy (4^) as Minnesota 693. ' Anthony and Rainbow were 
described by Stanton, -Gaines, and Love (34). Richland was described 
by Burnett, Staiito,!!, a.nd W^arburton. (4). 

In addition to the seven varieties just eimmerated, six others were 
tested in the seedling stage to all known parasitic races of Puceirda 
graminis amiae^ i. e,, races 1 to 10, inclusive, and in the a/diilt stage 
to race 6 alone. Fourteen more varieties were tested to aU 10 races, 
but only in the seedling stage. A key for the identification of these 
rust races follows. 


Armltiikal key for the idenUjication of physiologic races of Puccinia graminis avenae 
on the basis of their pathogenicity on three selected differential varieties within the 
genus Amna 


'Reaction of differential hosts: 

White Tartar resistant: 
Eiehland resistant: 

Sevnothree resistant __ 
Sevnothree mesothetic. 
Sevnothree susceptible 

Richland mesothetic 

Richland susceptible: 

Sevnothree mesothetic. 
Sevnothree susceptible, 
White Tartar susceptible: 
Richland resistant: 

Sevnothree resistant. « 
Sevnothree susceptible. 
Richland susceptible: 

Sevnothree resistant - - 
Sevnothree susceptible. 


Physioiogk 
race (kep 
no.) 

1 
5 
2 
. 9 

--- 10 
8 


3 
7 

4 
6 


The various types of infection, that the oat stena rust fungus is 
capable of producing mider different cii'cumstances are illustrated in 
plate 1. The parasitic behavior of the several rust races, cxiltured at 
a tempera toe fluctuating aroimd 70° F., is recorded in table 1. The 
reactions of seed^igs of three differential varieties of oats to each of 
the 10 physiologic races are depicted in plate 2. 
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Table 1.- — Rt act ion of differential varieties of Arena spp., in the seedling stage^ to 
phgsJtdogic racts of Puccinia gi'anvinis cLveiiae^ expressed in ranges, and means of 

iifeciiim fgpcs 


Eeaetion of differential hosts i 



White Tartar 

Richland 

Sevnothree , 

.Physloloffie race fkev no.) 


1 





Range j 

Range 


Range 



Mean 


Xlean 

.Mean 


Alini- 

Maxi- 

Mini- Maxi- 


Mini- Maxi- 


mum 

mum 

mum mum 


mum mum 



2- 

3n+ 2+ 

0; 1++ 

1 

1“ 2++ 1± 


2= 

3n4- 2+4- 

1 — 2+ 

1+ 

4= 4+ 4 

3 

% 

4+ 4— 

1 2++ 

1 

0: 1 1~ 

4.. 

4- 

4++ 4 

4- 4++ ’ 

4+ 

0; 1+ 1 



3«+ 2++ 

1- 2+ 

1++ 

.1« X++ X± 

6...... .... 

4-r 

4++. 4+ 

4+ 4++ ; 

4+ 

4+ 4++ 4+ 


3 

4+ 4 

0; 2+ 

2= 

3 4+ 4- 

8 ... ... 

0; 

2+ 2 

3 4+ 

4 

3 4 3++ 


2= . ! 

2db 

X= 4^^- ’ 

x+ 

3-| — h 4-^ — 4 4 

10 

' 1 

1 i 

2+ 2 

3 4++ 

4 

x~ ■X++ X+ 


! 0, prat tif ally irrmuine (no infection whatever or pronounced necrotic flecks or lesions); 1, extremely 
resistant (mmute iiredia snrTOuiided by solid necrotic areas); 2, moderately resistant (iiredia small with 
hypersensitive ureas varyini; from sharp necrosis to pronounced chlorosis); 3, moderately susceptible (me- 
cliom-size uredi i w ith shght chloT-osis but no necrosis); 4, extremely susceptible (large confluent uredia result- 
ing In verj se\ ere infection); X, characteristically mesothetic (infection heterogeneous and ill-defined). 
Plus and minus signs indicate a slightly greater or smaller amount of rust within a given infection type; the 
sign of equality denotes double minus. Necrotic flecks are designated by a semicolon; n== distinct necrosis; 
c~ apparent chlorosis. 

Eaces 1 to 5, inclusive, were originally described by Stakman, Le- 
vine, and Bailey (31) ^ and later elaborated on by the last-named au- 
thor (2). Further studies with these same races, as well as races 6 to 
9, inclusive, were reported in detail by Gordon (9). Race 10 was first 
discovered and described by Cotter (5). The pathogenic behavior of 
all these races was summarized by Stakman et al. (32), A few of the 
races are wideh’ distributed and of common occurrence, some are 
extremely virulent, others are relatively innocuous. 

The procedure for testing the diffei'ent oat varieties in the seedling 
stage was, except for some minor modifications, essentially the same 
as that described by Stakman, Levine, and Bailey (31). ^he method 
of testing the adult plants was as follows: Of the seven varieties pre- 
viously listed, all but Richland were planted in three sets, sown 3 days 
apart. Each set consisted of thirty 4-inch pots, making 90 pots for 
each variety. After the pots had been steamed for half an hour at 12 

t mds pressure, they were filled with soil steamed for 2}^^ hours. 

ree to five seeds of a given variety were sown in each pot. When the 
plants reached the early seedling stage, they "were thinned to a single 
plant per pot and allowed to grow to a late heading stage. 

All potted plants were set on benches in a greenhouse where for 
some time previous there had been no stem rust cultured. Here the 
plants grew under natural light conditions, which in the course of the 
experiment were unusually favorable. The atmospheric temperature 
in the greenhouse fluctuated between 67^ and 80° F. The pots were 
at first placed close together; as the plants became larger, these pots 
were arranged in double rows, allowing a O-inch space between pairs. 
When the plants attained a height of 8 inches, a cord lattice was made 
to hold them erect. When they were approxunately 20 inches tall, 
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tlie cord support %vas, removed and in its stead individual wire supports 
for. each plant were substituted. 

The plants, were watered as frequently as necessary, to prevent 
severe .wilting, usually every 24 hours. The growth, produced was 
soniewhat more .siicciilent and tender than that' usually attained , by 
plants grown in the field. What effect, if a.ny,; such succulence had. 
on the reactdo.n of the plants to the rust attack was not experimentally 
determined, except as manifested by the character of the rust develop- 
ment and the resultant infection types. 

Eight days before a given set of adult plants was inoculated, 'Seed 
of cori'esponding varieties was sown in 4-inch pots to provide seedlings 
for simultaneous inoculation with the respective physiologic races. 
At the time of inoculation, the adult plants were 30 to 40 , inches tall 
a.nd in the boot stage. There were one to five tillers per plant, all 
plants appearing vigorous and showing no indication of chlorosis or 
other weakness. Immediately preceding inoculation, the potted 
adult plants were placed in tall metal cylinders, wliich rested in pans 
containing water to a depth of 1% to 2 inches. Each incubation 
chamber contained 20 plants of two separate oat varieties or strains. 

The different sets of oat plants were inoculated seriatim with uredio- 
spores of a particular race in the following manner: The adult plants 
were sprayed with tap water and thoroughly brushed with rusted 
seedling plants of Victory oats severely infected by a known rust race 
that had been carefully tested for purity. The moist chambers then 
were covered with glass panes. Three days later the inoculated 
plants were removed from the incubators and placed on greenhouse 
benches. Seedling plants were inoculated at the same time and incu- 
bated for 2 days instead of 3. Incubation conditions were comparable 
for the different oat sets and growth stages. This method was used 
for all physiologic races except race 10, which was not available at 
the time. Subsequently, race 10 also was used to test the reaction of 
seedling and adult plants of the seven oat varieties under uniform 
cultural conditions. The variety Kichland was tested as a unit to 
each of the first nine physiologic races, but was included with the 
other six varieties when their reaction to race 10 was determined. A 
special test of the reaction of adult plants to race 6 was made with 
six additional varieties, viz, Hajira (C. I. 1001), logold (C. I. 2329), 
Joanette strain (C. I. 2660), Sevnothree (C. I. 3251), Victoiy (C. I. 
1145), and White Tartar (C. I. 551).- 

Kiist notes were taken on each of the sets 17 days after their respec- 
tive inoculations. At that time pustules on both seedlings and ma- 
turing plants had reached their optimum development. Although 
the infection varied with the different races on the several varieties, 
it was generally rather severe on the susceptible ones. The reaction 
of all^ varieties and strains, even when resistant, was clear-cut. Three 
reaction classes were recognized, namely, resistant, mesothetic, and 
susceptible. These were designated in the records by the capital 
letters R, M, and S, respectively. 

As may be seen from plate 1, the resistant class embraces infection 
types 0 , 1 , and 2 (type 0 indicatii]^ immunity, type 1 liigii resistance, 
and type 2 nmderate resistance); the mesothetic class includes but 
a single infection type, X, incffcating a heterogeneous and ill-defined, 
somewhat intermediate reaction; €md the susceptible class is repre- 
sented by types 3 and 4 (type 3 standing lor moderate and type 4 
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for coiiiplete siisceptibility). In this study, ^ rust observations on 
seedlings are recorded in terms of detaOed infection types., whereas 
readings on adult plants are recorded in terms of general reaction 
classes. The respective symbols are used to denote each. herever 
necessary, plus and minus signs are used to show greater, or smaller 
fluctuations witMn a 

EESULTS OF INVESTIGATION 

The results obtained from the tests with seedlings and adult plants 
of the different oat varieties are summarized in tables 2 and 3 and 
illustrated in plates 3 to 8, inclusive. The occurrence of physiologic 
races of oat stem rust ® and their relative prevalence in the United 
States are recorded in tables 4 and o. . 

Table 2, —Average infection produced hy 10 physiologic races of Puccinia graminis 
a venae un seedlings of 27- varieties and strains of oats grown under greenhouse 
conditiom and constituting four distinct reactiony or diferentialy groups 


Variety tested 


Mean infection type produced by physiologic race (key no.)— 


Keac- 

tion 

group 

no. 

Name 

C, I. 
no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


fAn,tliony 

2143 

2 = 

2 — 

4+ 

44- 

2— 

4~ 

4 

2 - 

2 - 

2 S: 


Green JVfoiintain 

1892 

2 ’■ 

2 ~ 

4 

4f 

2± 

4 

4- 

2 

2 + 

2 

1 

Minnesota 742-.. 

2874 

2 = 

2 -- 

4 

44- 

1 ± 

4- 

44- 

2 — 

1 — 

2 - 


Minrus---, 

2144 

2 — 

2 = 

44- 

44- 

2 - 

4db 

4S: 

2 — 

2S: 

2S: 


Vyhite Tartar 

551 

2 ± 

2 ~ 

44- 

44- 

2 - 

4S: 

44- 

2 - 

2 * 

2± 


'.llajira 

1001 


1 - 

14- 

4 

1 

4S= 

2 = 

4 

X.S: ' 

4S: 


,Haw,keve 

2404 

2 = 

Id: 

2 = 

4- 

2 

4- 

2 

4- 

Xf 

44- 


Eogoid 

2329 

1 

1 - 

IS: 

44- 

1 - 

44- 

i-f' 

44- 

Xf 

44- 


.Iowa D67 

2870 

1 - 

1-4 

2- 

44- 

2S: 

44- 

24- 

4 




Rainbow 

2345 

1 ~ 

IS: 

2 - 

44- 

i 

4S: 

l-f 

4S: 

X4- 

4ss 


Richland 

787 

l=b 

14- 

14- 

4S: 

IS: 

4S: 

IS: 

4S: 

Xi: 

4 .- 

S 

Uoanette strain 

2%0 

Id: 

44- 

1-. 

1 - 

X 

44- 

i 4S= 

4+ 

1 4+ " 

X 


(SeTOothree.. 

3251 

1 

‘ 4 

1 - 

ld= 

XS: 

4d= 

4«. 

4= 1 

4 

XS: 


fAlh&r 

2760 

4- 

44- 

4S: 

44“ 

4f 

4- 

4 

4-f 1 

44- ■ 

4+ 


Belar 

2760 

4 

4-. 

4 

4- 

4- 

4 

4 

4 

4 

44- 


Bond 

273S 

4db 

4 

4== 

44- ■ 

4- 

4f , ! 

4S; ’ 

4-f. ■: 

44- 

4 


Cassesl 

2911 

4+ ' 

4-f 

44- ■ 

44- 

44- 

4f 

44- ' 

44- 

4+ 

4+ 


Cowra ‘ 

2701 


4 

4 

4d= 

44- 

4 

44- 

4== ' 

4 

44 - 


Fulmer. 

21B3 

4==r 

4- 

4 

4 

44- 

4 

4+ 

4 

4 

44 - 

4 

' Glabrota. 

mo 

34- 

4 

4 

34- 

4- 

4 

4 

4 

4 

4f 


i Gopher.,.,,, 

2027 

4« 

4 

44- 

44- 

4 

4+ 

4 

4S: 

4S: 

4 


ICfflreela,, 

2774 

4 

4± 

4 

4- 

■ 44-' 

4f 

4-4^ 

44- 

4f 



Euakura.-, 

2 im 

, 44> 

4S= 

4+ 

44- 

44- 

4f 

4 

4-f 

44- 

4-r 


Sterlsel 

2891 

4 

4d: 

4 

44- 

4 

4f 

4 

4 

44- 

44 - 


Swedish Sefeet 

134 

44“ 

4 

4-f 

44- 

44- 

4f 

4 

4 

4- 

4 


Victoria 

2401 

44- 

4i: 

4 

4 

4-f 

4f 

4S: 

44- 

4+ 

4-f 

i 

\Vietory 

1145 

44- 

4rt: 

4 

4S: 

44- 

4f 

4f 

44- 

44- 

4S: 


* .In coaformit..y with the decision of the Sixth Intonatioia! Botanira,! Congress, the designations “para** 
sitic and/or physiologic race or races"’ are given preference in this paper over their farmer equivalents, 

“biologic and/or physiologic form or forms."' 
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Table 3. — Comparative reaction under greenhouse conditions of seedling and adult 
plants of seven varieties and strains of o(Us to 10 different physiologic races of 

stem rust J,^Puccinia gramims avenae) 


Inoculation results on varieties tested ^ 


Physiologic 
race (key 
no.) 

A 


" C 

Eai.nl.jow 

Richland 

Anthony 

Alinncsota 
■ 742 

Alinriis 

Gopher 

Victoria 

a 

y 

X 

Adults 

VI 

X 


sn 

SjC 

a 

© 

© 

rx 

Adults 

Seedlings 

Adults 

Seedlings 

Adults 

Seedlings 

Adults 

Seedlings 

Adults 

I J 

1 

R 

I 

R 

o 

R 

9 

R 

2 

R 

3 

S 

4 

S 

2 ■ 

1. 

R, 

1 

R 

2 

R 

2 

R 

2 

R 

4 

.s 

4 

s 

3 

1 

R 

1 

R 

4 

S 

4 

S 

4 

S 

3 

s 

4 

s 

4 

4 

S 

4 

S 

4 

■ S 

4 

S 

4 

S 

4 

s 

4 

s 

5 

1 

R 

1 

K 

9 

R 

1 

R 

9. 

R 

4 

s 

4 

s 

6. ... 

4 


4 

' S 

4 

S 

4 

■S 

4 

S 

4 

s 

4 

s 

7-.... ! 

1 

R 

I 1 

E'i 

. 4. 

s 

4 

s 

4 

s 

4 

s 

4. 

s 


4 ^ 

S 

i 4 

S : 

2 

R 

9 

R 

2 

K 

4 

s 

4 

s 

9 -.-I 

X : 

M 

1 X 

M : 

2 ' 

R 

1 

R 

2 

R 

4 

s 

4 

s 

10 ! 

4 1 

S 

4 

S ; 

2 I 

R 

2 

R 

2 

R 

4 

s 

4 

s 


1 The several varieties are grouped into three categories, A, B, and C, according to their reaction to the 
various physiologic races. For seedling plants thf? average infection type is given; for adult plants, the 
reaction class, as follows; R, resistant: S, susceptible; and M, mesothetic or intermediate in reaction. 


Table 4. — Summary of ike distrihuUon of physiologic races of Puccinia graminis 
me^im obtained from various parts of the United States during the IS-year period 
19M-SSf arranged according to standard geographic divisions and oai-growing 
areas 


Place of origin 


Geographic divisions: 

Atlantic States 

East North Central States. 
West North Central States, 

South Central States 

Western State 

Entire country 

Oat-growing areas; 

Great Lakes: 

Ohio--.- — — 

Indiana 

Iliinois... - 

Michigan 

Wisconsin 

Total.— 

Mississippi Valley: ' 

Minnesota—..—... 

Iowa 

M issouri '1 , 

Total 

Great Plains: 

North Dakota..—,.. 

South Dakota.......— , 

Nebraska- .... 

Kansas,— 

Oklahoma 

Texas. 

Total. 

Entire region — . 


Total 


Distribution of physiologic race (key no.) 

- 


of iso- 











lates 

1 

2 



7 

10 

Num~ 

Num- 

Per- 

Num- 

Per- 

Num- 

Per- 

Nu m- 

Per- 

N’um 

Per- 

her 

her 

cent 

her 

cent 

her 

cent 

her 

cent 

her 

cmt 

31 

2 

6.5 

20 

64.5 

7 

22. 6 

1 

3.2 

1 

3.2 

331 

7 

2.1 

211 

63.8 

111 

33.5 



2 

.6 

ses 

12 

1.2 

703 

72.9 

249 

25.8 

1 

.1 



375 

8 

2.1 

260 

69.3 

107 

28.6 





43 

1 

2.3 

30 

69.8 

12 

27.9 





1, 745 

30 

1.7 

1,224 

70.1 

486 

27.9 

2 

• 1 

3 

. 2 

84 



56 

66.7 

28 ■ 

33.3 





2.7 

3 

11.1 

14 

51.9 

10 

37.0 





60 

1 

1.7 

39 

65.0 

20 

33. 3 


— ■ 



55 

9. 

3.7 

35 

63.6 

18 

32, 7 






105 i 

1 

1.0 

67 

63.8 

35 

33. 3 




2 

1.9 

• 331 j 

7 

2.1 

, 

211 

63.8 

111 

:13.5 




.6 

306 

7 

■ 

2.3 

218 

71.3 

80 

26. 1 

1 

.3 



126 : 

2 

1.6 

87 

69.0 

37 

29.4 





49 j 



38 

1 77.6 

; 11 

22.4 ' 

- -J 


i 











J. .-j 


j 481 

1 9 

1.9 

343 

1 71.3 

t m 

me 

1 

. 2 ‘ 



1' — J — — ' — 

1 ' 

t * 



' 

1 " ' 




, ' i 

' '1 


145 

: 2 : 

1.4 

m 

> 64. 1 

50 

1 34,5 

: i 




m 


m 

1 72.3 

1 33 ! 

i 27.7 





77 



m 

; 76.6 

^ 18 i 

i 23.4 





143 

: 1 ' 

.7 

122 

i 85.3 

20 

i 14.0 


-I-I 



125 

. 2 1 

te 

m 

i 82.4 

20 

16.0 


-i 



241 

6 j 

2.6 

149 

; 61.8 

1 86 

^ 35.7 





850 

11 

hZ 

612 

. 7Z0 

i 227 

; 26.7 



i. i 

i-"-- 

1,662 

' ”' 27 '" 

TX 

1, 166 

70.2 

466 

; 28.0 

; 1 

<.i 

2~ 

1 >.l 
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TA.BLE ry.-- Frequency of occurrence of physiologic races of Puccinta graminis 
aremy is^daUd from rusted Held specimens oUained from dtjereni parts of the 
Vnited Stales during the various years of the 15-year period 1921-35, inclusive 


Years 

Total 
of iso- 
lates 

Distribution of physiologic race (key no.)— 


2 

5 

7 

- 

10 

First 5 years: 

IQ^I 

X?im- 

her 

12 

12 

13 

51 

29 

Num- 
ber 
. 5 

3 

1 

2 

Per- 

cent 

41.7 
25.0 

53.8 
2.0 
6.9 

Num- 

ber 

6 

5 

30 

27 

Per- 

cent 

58.3 

50.0 
38.5 
58.8 

93.1 

Num- 

ber 

Per- 

cent 

Num- 

ber 

Per- 

cent 

Num- 

ber 

Per- 

cent 

1922- 

1923 

3 

1 

20 

25.0 

7, 7 
39.2 









1924 





1925 












117 

IS 

15.4 

75 

64. 1 

24 

20. 5 





Seconi:! 5 years: 

192(1 . 





61 

101 

256 

224 

144 

6 

9.8 

53 

90 

208 

155 

84 

86.9 

89.1 

81.3 
69. 2 

58.3 

2 

11 

48 

68 

57 

3.3 
10. 9 
18.7 
30.4 
39. 6 





1927 





192R 


■ 





1929 

1 

1 

.4 

. 7 





1930, 



2 

1.4 

Total 



786 

8 

1.0 

590 

75.1 

186 

23.7 



2. 

.2 

Third 5 years: I 

1931 i 




387 

108 

58 

1 130 

j 159 

1 

1 

1 

.3 i 
.9 ! 
1.7 ^ 

260 
58 i 
37 
99 
105 

67.2 

53.7 

63.8 

76.2 
66.1 

126 

49 

17 

31 

53 

32. 5 

1 45. 4 : 

29. 3 ; 
23. 8 

33.3 





1932 





1933.. 

1934.. .. 

2 

3.5 ^ 

1 

...... 

1935 


.6 





Total - 





842 

4 

.5 

559 

66.4 

376 

32.8 

2 

.2 

I 

.1 

Entire period 

1, 745 

30 

1.7 

1,224 

70.1 

486 

27. 9 

2* 

.1 

3 

.2 



SEEDLING AND ADULT PLANT REACTION OF OAT VARIETIES 

In table 2 are listed 27 varieties and strains of oats that were tested 
in the seedling stage, under fairly uniform greenhouse conditions, to 
all of the physiologic races of Puccinia graminis avenue known to date. 
It will be noted that on the basis of their reaction to the various rust 
races, these varieties w-ere readily grouped into four categories. In 
the first three of these are included varieties possessing differential 
reaction characteristics that make possible the identification of 
physiologic races of the oat stem rust fungus. The varieties included 
in the fourth group show very little difference in their reactions, either 
with respect to each other or to the several physiologic races. Conse- 
quently, they are of no differential value in the determination of 
physiologic races; nor are they of parental value in breeding for stem 
rust resistance, although they may possess other desirable features. 

The three groups containing varieties with differential traits are 
listed in the order in which the standard differentials appear in the 
analytical key (p. 717) and infection record (table 1). The varieties 
within each group are arranged, for the sake of convenience, in alpha- 
betical order. Incidentally, the last variety in each of these groups 
haj>pens to be^the standard differential host now used in the identifi- 
cation of physiologic races of Puccinia graminis avenae. The types of 
infection usually produced by these races on the differential varieties — 
IITiite Tartar, Richland, and Sevnothree — are illustrated in plate 2. 
The origin of Sevnothree (strain 703) is described in detail by Bailey 
(2); reference to ^Richland has already been made; White Tartar is 
discussed by Levine, Stakip.an, and Stanton (20). 









Reaetioci of adult pltuts of six oat varieties— («) Anthony, (6) Minn. 742, (c) Gopher, (d) Minros, (e) Rain- 
how, and (j) Victoria— to 0ve physiologic mcjes of Fuccinla gramink meme (races l to 5, respectively) 
t Compare with reaction of (»rresi:)ODdl,liig seedling plants, illustrated in plate S.) 







m3 "V 


§1 

' '' 

Hi 







r 



R»etion of sadalt plants of six oat varie|ies~(a) Anthony, (6) Alinn. 742, (e) Gopher, (d) Minrus, (e) Rain' 
bow, and if) Vletoria—to five physMc^ic races of Fmcclnk gramims amme (rtees 6 to 10, respective! v) 
^Compare with reaction of corresponding seedling ..plants, illustrated in plate 5.) . 
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There are five varieties included in gi’oup 1. They either have side 
panicles or are the progeny of crosses in^ which a /^side-oats^^ variety 
was one of the parents. They are. all midseason or late in maturity. 
Each variety in this group is moderately resistant to six rust races 
(key nos. l/ 2 j 5 , 8 , 9, and 10) and highly susceptible to the other four 
(key nos. 3; 4, 6 , and' 7). '.Group 2 consists of six varieties. 'All of 
these are common oats.; they have yellow lemmas, and all but' one are 
eariy maturing. ' They are, on the whole, very resistant to five races 
(key nos. 1 , 2, 3, 5, and 7), mesothetic to one race (key no. 9), and 
very susceptible to four races (key nos. 4, 6, 8, and 10). In group 3 
there are only two varieties. Both are pure-line selections from 
varieties possessing black lemmas and midseason maturity. They 
are extremely resistant to tliree parasitic races (key nos. 1,3, and 4), 
typicahy niesothetic to two races (key nos. 5 and 10), and completely 
susceptible to five races (key nos. 2, 6, 7, 8, and 9). 

The classification of the above oat groups is based on the infection 
hvpes produced by the different stem rust races, cultured under 
favorable light intensities and at a prevailing atmospheric temperature 
of about 70^ F. The reaction of the varieties in groups 1, 2, and 4 are 
but slightly affected by temperature and light variations, except in 
the ease of race 9, where group 2 is concerned. Group 3, on the 
other hand, is very sensitive to changes in light and especially^ so to 
changes in temperature in the case of races 5 and 10. According to 
Gordon {9)^ Joanette strain loses its high resistance to races 1, 3, and 
4 when cultured at high temperatures. Neither light nor tempera- 
ture, however, seems to affect appreciably the susceptibility of Joanette 
strain and Sevnothree to the remaining five races. 

The results summarized in table 3 and illustrated in plates 3 to 6, 
inclusive, reveal apparently complete agreement between the reaction 
of the seedlings of a given variety and that of the adult plants of the 
same variety. This correlation wms not restricted to reaction to any 
one physiologic race, but held good for all of them; nor was it limited 
to any one oat variety, but prevailed for all seven varieties tested. 

Plants of varieties on the seedlings of which a certain physiologic 
race produced an infection classified as type 1 or type 2 were invariably 
resistant in the adult stage also to that same race, and were designated 
by the symbol R. Though the distinction between infection types 
1 and 2 was quite clear on seedling plants, corresponding adult plants 
could not be so readily differentiated according to infection type; 
therefore, the reaction class wrs used as the criterion for classification 
in the case of adult plants. The same held true to a great extent also 
in the case of susceptible reactions. Thus, plants on which infection 
t^’pes 3 and 4 developed in the seedling stage were always either 
moderately or wholly susceptible in the adult stage and were char- 
acterized by the symbol S. Although the infection produced by race 
9 on adult plants of Rainbow and Richland was not typicall}^ hetero- 
geneous, the reaction was more nearly mesothetic than otherwise, 
thus justifymg its designation by the symbol M. 

The varieties Rainbow^ and Richland reacted alike to all 10 rust 
races and were highly resistant in the adult as weH as the seedling 
stage to 5 of these races. Anthony, Minnesota 742, and Minrus 
reacted very much the same to afl races and w^ere at least moderately 
resistant to six of them. Gopher and Victory were about equally 
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siisc^eptible to all races. (Compare illustrations in plates S and 5 
witii those in plates 4 and 6, respectively, for corresponcHiig results,) 

Judging solely by the reaction of the 7 varieties Just discussed, the 
10 existing races could not be distinguished as so many units; instead, 
some of them could be combined in composite groups, as follows: 
Composite I, consisting of races 1, 2, and 5; composite II, embracing 
races 3 and 7; composite III,; including races 4 and 6; and; composite 
IV, consisting’ of races 8 and 10 with race 9 occupying an intermediate 
position between composites I and IV. This situation, obvioiisly, is 
due to the fact that no representatives of oat group III, listed in table 
2, were mcliided among the seven varieties used in the maturative 
test. But essentially the same race combinations might be made even 
when Joanette strain or Sevnothree is used, as in the seedling experi- 
ment, if proper allowance is made for the somewhat erratic behavior of 
these varieties. Race 9 might be readily considered a counterpart 
of either race 8 or race 10, and thus a member of composite IV. 

The results obtained in this study seem not to indicate any weak- 
eiimg in the resistance of the adult plants because of their succulent 
condition. While such a variety as Richland was highly susceptible 
in the adult stage to races 4, 6, 8, and 10 (pi. 7), it was extremely 
resistant to the other races. Considering expected reactions, the 
same was true of the other varieties. The reaction in each case 
depended on whether a physiologic race was virulent or innocuous 
on a particular oat variety. Race 6 is by far the most virulent of the 
lot/ causing severe infection on all varieties tested, seedlings and 
adult plants alike. The varieties depicted in plate 8 belong to all 
four oat groups, yet they are similarly affected by the rust of race 6. 
Races 4, 7, and 8 are next in order of virulence. These are followed 
by races 9 and 10, which in turn are followed by races 2 and 3. Then 
comes race 5, with race 1 last in order of virulence. 

PREVALENCE AND DISTRIBUTION OF PHYSIOLOGIC RACES OF STEM RUST 

In vdew of the results obtained with regard to the relative suscepti- 
bility or resistance of oat plants at different stages of their develop- 
ment, the question of practical importance is *^Hovv many of the 
knovra i^aces of Puccinia graminia amnasj and precisely wRich of them, 
exist in the United States, and what is their geographic distribution 
and frequency of occurrence?^' A survey conducted for the past 
15 yeai^ afford an answer to this query. 

An extensive study of the physiologic speciafeation nf oat stem 
rust has been carried on at University Farm, St. Paul, Minn., since 
1921.^ Although specimens from different parts of the -world were 
identified, major attention was paid to field collections obtained from 
various sections of the United States. These were cultured in the 
grrenhoiise^on the standard differential varieties, and their identity 
was determined with the aid of the analytical key (p. 717) and v-^erified 
by means of the infection record (table 1 ) . In all, five separate physio- 
logic races have thus far been found to be present in variable frequency 
in this country. Since the identification was not carried out under 
strictly controlled env'-ironmental conditions, it is not impossible that 
other forms remained undetected. 

5' Sinoe this manuscript was submitted for Welsh ( 4 I) has reported securing a few oat lines from 

a cross of Hajira Strain X loanette strain greater re^stanoe than either parent to several physio- 

logic races of Pdceinm graminii mtme, inBuding raee 
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lieli'itivelj.’ liigh and rather uniform susceptibility of adult plants of Eiehlanci oats to four physiologic races 
of Puctinia graminis arenae: A, Race 4; B, race 6; C, race 8: D, race 10. (Compare these infections with 
rht>se produced by the same races on Richland seedlings, as illustrated in plate 2.) 





Severe Infeciion produced by physiologic* race 6 of Puccinia gramink avenae on adult plants of eiglit varieties 
of oars, Anthony; B, Hajira; C, logold; J3,Joanette strain; E, Richland: F, Sevnothree; 0, \ letory; 

if* White' Tartar. 
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The races identified under the conditions of the experiments were 
key nos. 2, 5, 7, and 10. Summaries of their distributiGn by geo- 
graphic divisions and crop areas during the 15-year period under 
review, and their annual occurrence in the country as a whole are 
presented in tables 4 and 5, respectively. In the course of the entire 
io years from 1921 to 1935, altogether 1,745 isolations were identified. 
Only five of these, or 0.3 percent, constituted the total for races 7 and 
10 combined. ; ' 

The relative proportion of the number of times these two races 
were isolated to the total number of isolations made during the 15- 
year period is so insignificant, and the circumstances of their incidence 
of such a nature, that it appears doubtful whether either of them will 
soon, if ever, become a potent factor in the stem rust epidemics on 
oats in the United States. Race 7 thns far has been found only twice 
in tMs coiintr}^: once, near rusted barberries at Presque Isle, Maine; 
ancl the second time, in the rust nursery at St. Paul, Minn. Race 10 
was isolated three times: twice from specimens collected in the neigh- 
borhood of infected barberries at Jefferson, Wis.; and once, under 
like conditions, at Presque Isle, Maine. 

Of the remaining three races, the least common for the period as a 
whole was race 1 , which so far has been isolated but 30 times in the entire 
United States, constituting only 1.7 percent of all isolations made. 
Race 2 comprised 70.1 percent of the total and, on an average, was 
almost exactly two and one-half times as common as race 5, which 
constitutecl 27.9 percent of the total. There were no very great differ- 
ences in the relative strength of these races in the several geographic 
divisions and crop areas, although considerable variation did occur 
between different States in the oat-growing region. Thus, Kansas 
furnished the highest proportion of race 2 (85.3 percent), while 
Indiana yielded the lowest (51.9 percent), taking the whole 15-year 
period into consideration. ^ " U 

A preponderant majority of the isolates (1,662 out of 1,745, or 95.24 
percent) came from the oat-growing region. Of these, more than 
half (850) were obtained from the Great Plains area; the upper Mis- 
sissippi Valley provided 481 isolates; and the Great Lakes area yielded 
331. Minnesota furnished the highest number for a single State, 
while the fewest came from Indiana. Further details may be found 
m table 4. 

It may be seen from table 5 that not only was there an annual 
iiuctiiation in the relative proportion of the three dominant races of 
Piiccmia grammis avenae in the rust-survey territory of the United 
States but also there appeared to be a definite trend in the population 
relationships of these races, as determined by quinquennial computa- 
tions. While throughout, except in 1 year, race 2 was invariably 
in the forefront, I'ace 5, when present, was, with but two exceptions, 
in second place, _ and race 1, for the most part trailing behind, was at 
the head of the list once, in 1923. However, that was one of the years 
when the miiiiber of isolates obtained "was very limited, and the appar- 
ent predominance of race 1 may not be significant. 

In the first quinquennium (1921-25), race 1 occupied third position 
but was a close rival of race 5, and with 15.4 percent cf the total num- 
ber of isolates, seemingly was not a negligible factor in the oat stem 
rust epidemics of that period. However, it soon after all but disap- 
peared, for in the second quinquennium (1926-30) it composed but 
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LO percent of the total, and in the .third quinquennmm (1931-.35) it 
had dwindled to a. iiiere 0.5 percent.' 

Race .2 follows a zigzag course, ranging from 38.5 to ,93.1 percent 
o':f thc^ re-specti'Te aiiiiiTai totals. Considering the situation by 5-year 
periods, race 2 traced a rather gentle curTe— 64.1 percent in the first 
c|iiiii€|iieniiiiiiii, 75.1 percent in the second, and 66.4 percent in the 
third. 

It is race 5 that shows a gradual and consistent quinciuennial rise, 
from 20.5 to 23.7 to 32.8 percent of the respective 5-year totals. 
.But this race, too, suffers from considerable annual variability, being 
entirely absent in 2 years and reaching 45.4 percent in at least 1 year . 

It may be pertinent to observe at this juncture that, from a rather 
limited kirvey of the stem rust situation in Mexico, it appears that 
only races 2 and 5 are present in that country, and that up to this time 
they have occurred there in a 5:3 ratio. According to the results 
published by Bailey (B), including his data appearing in the report 
of the Dominion botanist (S), and by Gordon (P), the three races 1, 
2, and 5 constituted 96.7 percent of the 1,342 isolations made by those 
authors from Canadian collections during the 10-year period 1921-30. 
The remaining 3.3 percent consisted of the other known races exclusive 
of race 10. Waterhouse (39) reports that in Australia races 1 and 2 
together constituted over 88 percent of the 371 isolates of oat stem 
rust identified from 1925 to 1933, inclusive. Other races found there 
were 3, 6, and 7, the latter making up 8.1 percent of the total. A few 
isolations from New Zealand collections made by this authority 
yielded only races 1 ‘‘and/or^’ 2. From the results published by 
Venvoerd it appears that races 3 and 7 occur in South Africa, 
while Stakman, Levine, and Bailey (SI) had previously identified 
races 2 and 3 from material they received from that country. Tedin 
(37) noted the occurrence in Sweden of races 3, 4, 6, 7, and 8, but 
none of the prevalent American races. ^ The present writers isolated 
races 2, 6, and 7 from iiredial collections received from Palestine; 
and races 2, 5, and 7 from specimens obtained from New Zealand. 

It is evident from the results recorded in this paper that the oat 
stem rust epidemics in the United States during the 15-year period 
1921-35 were almost entirely due to the widespread distribution and 
common occurrence of races 2 and 5, the two races combined con- 
stituting 98 percent of the total number of isolates. This study has 
also brought out the fact that so far the physiologic specialization of 
Pmeinia graminis mmiae in this country has been rather definitely 

SUMMARY AND CONCLUSIONS 

Inqculations^mth the 10 known physiologic races of oat stem rust, 
Puccinim graminid arenas^ were made under comparable and reason- 
ably uniform greenhouse conditions on 27 varieties and strains of oats 
in the seedling stage; on 7 of these varieties in the adult stage, also 
with all 10 races; and on 6 more of the varieties and strains in the 
adult stage, with race 6 only. v 

Special care was taken to assure the purity of the'plwsiologic races 
used. For this purpose periodic checks were made of the behavior of 
each race on the standard differential varieties grown under similar 
light intensities and fairly well-con trolled temperatures. Assurance 
also was provided that the' differential hosts themselves were free 
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from admixture. This was accomplished by the use of established 
pure rust races as biological reagents. 

The differences in the reactions of the 27 oat varieties in the seed- 
ling stage made it possible to group them in 4 categories. In three 
of these were included the varieties that possess reaction characteris- 
tics typical of differentia] hosts, enabling their use as substitutes in 
the identification of physiologic races of Puccinia graminis amnae. 
The fourth group consisted of those varieties showing no discernible 
difference in their reactions, whether with respect to each other or 
to the different physiologic races. 

There was a remarkably close agreement in the reactions of seedling 
and maturing plants of every one of the varieties and strains tested, 
regardless of parasitic race involved; in no case rvas a variety resistant 
or susceptible as a seedling or adult plant without a corresponding 
reaction in the other growth phase tested. It would seem from these 
results that seedling reaction is a reliable index of the reaction of 
adult oat plants to specific physiologic races of oat stem rust. It 
would be desirable, however, to investigate this problem further 
before drawing too general conclusions, since important exceptions, 
not considered within the limits of these experiments, may exist. 

■V^Tiile during the 1.5-year period 1921-35, five different physiologic 
races (1, 2, 5, 7, and 10) of Puccinia graminis avenae have, at one t im e 
or another, been isolated from rusted oat material collected in various 
parts of the United States, only races 2 and 5 have played a significant 
part in the stem rust epidemics of this period. Race 1 was evidently 
of sonie consequence on certain occasions; but, on the whole, has been 
of trivial importance. Races 7 and 10, thus far, are of mere academic 
interest, so far as this country is concerned, but they may become 
more common in the future. 

The restricted physiologic specialization of the oat stem rust fungus 
in the United States removes a serious impediment from the path of 
the plant breeder in his attempts to develop a desirable rust-resistant 
variety of oats. Adequate resistance to the dominant races 1, 2, and 
5 is available in the varieties included in oat group 2, as listed in 
table 2. These varieties also are highly resistant to race 7. The 
varieties comprising oat group 1 are at least moderately resistant to 
the common races, as well as to race 10. To guard agamst the intro- 
duction or mvasion of the more virulent races, it naight be well to 
plan for the development of oat varieties -^vith desirable agronomic 
characters that would resist their attack. Greenhouse experiments 
with seedling plants may facilitate and expedite the attainment of 
this goal. 
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QUANTITATIVE DETERMINATION OF COPPER AND ES- 
TIMATION OF OTHER TRACE ELEMENTS BY SPEC- 
TROGRAPHIC METHODS IN WIRE GRASSES PROM “SALT 
SICK” AND HEALTHY AREAS ‘ 

By L. L. Rusoff, assistant in animal nutrition, L. H. Rogers, spectographic 

"amlysi, and L. W, Gaddijm, biochemist y Florida Agricultural Experiment 

Station^ 

INTRODUCTION 

“Salt sick,” a nutritional anemia, occurs among cattle, sheep, and 
swine, the feed of which is restricted to forage growm on certain types 
of sandy or peat soils. Earlier work of the Florida Agricultxiral Exper- 
iment Station demonstrated that the condition was caused by a defi- 
ciency of iron, or iron and copper, in the soils and forage (2).^ Forage 
from salt sick areas was shown to be low in iron (16), and cattle grazing 
on these areas recovered when given an iron-copper supplement, as 
indicated by physical condition and hemoglobin content of whole 
blood (la). 'On certain soils, the affected animals responded erratically 
when iron was given as the sole supplement, but recoveries were quite 
uniform when a copper-iron supplement (1 : 50) was used. 

A nutritional anemia having external and other symptoms similar 
to salt sick (d) has been reported as “bush sickness” or “skinnies” in 
New Zealand, “daising,” “pining,” “pine,” and “vinquish” in southern 
Scotland, “nakuruitis” in Kenya Colony, East Africa, and “coasty 
disease” in King Island, Tasmania. An addition of cobalt to the ration 
was found to be helpful in certain parts of Australia and New Zealand 
{1, 31). In Florida, iron and copper have been used successfuly in 
correcting pure salt sick in field trials. 

Cattlemen in Florida have long followed the practice of “burning 
the woods” (4) in order to remove old growth and give their animals 
the advantage of access to young vegetation in the late winter and 
early spring. 

WORK OP OTHER INVESTIGATORS 

The average iron content of wire grass, reported previously from this 
station (16), was 0.0177 percent in the dry matter of the grass (burned 
area) and 0.0168 percent (unburned area) from the deficient ranges, 
in contrast to 0.022 percent (burned) and 0.0193 percent (unburned) 
on healthy ranges. No analyses of grasses to determine theh copper 
content have been reported from the Florida areas. The copper con- 
tent of forage crops from other areas has been reported by a few 
investigators, as shown in table 1. 

3 for publratlOH lune 28, 1937; filled December 1§37. 

3 The authors are indebted to Drs. 0. C. Bryan and R. B. Becker for collecting the grasses used in this 
study, and to Drs. R. B. Becker and W. M. Nml for determining the nutritional quality of the ranges. 

5 Reference is made by number (italic) to Literature Cite«i, p, 737. 
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Table 1. — The copper content of forage crops reported bp different inmstigators 


Forage crop 

Method of analysis 

Investigator 

! 

Copper per 
kilogram 
of dry 
matter 



i 

■Milligrams 





KenTiick.v bluesiTass — 

j 


I 7.5 

Alfalfa foliaue A 

I'Ferroeyanide. 

McHargiie (/i) i 

i 8. 0 

Bet I clover f< >llage i 

I 


1 ' 8. 0 



McHargiie il^)- * 

14.0 

Alfaifa hay: " i 



9. 1 

First cutting ? Wisconsin') i 



.4.5 

Second ciiufng ( Wiseon5in.L.-.| 



14. 8 




6.9 

Colorado, sample 2-^ » J 



11.9 




8 3 

Oat straw... .. . i 



3. S 


iazzo f modified'^ ..... 

Elvebjem and Hart (oj 

17.6 

Rye straw .1 



4.4 

Soybean hay 



8.2 

Sweetelover hay 



11. S 

Timothy hay 

; 


"■2. 2 

Vetcfh hay 



9.6 

Wheat straw.., ' 



2. 1 

Alfalfa hay 

I 


10. 0 

Alsike ektver 1 



6. 0 

Bhiegrass hay .... 



14.0 

Orchard grass hay 

1 


5.0 

Red clover hay 

^Xanthate - 1 

McHargue, Rov, and Pelphrev } 

17. 0 

.Red top hay 


m ). ‘ ! 

4.0 

Soybean .hay 


j 

8. 0 

Sweetclover 


1 

9.0 

Timothy hay 

■ 


5. 0 

Wheat straw... 



3. 0 

Lecksoc'ht area h-ay, average 

] 


2. 0-3. 0 

Lecksiicht a,re;a hay, one case 



3. 0-5. 0 

Do ■. 

iBiazzo 

Sjollema (19) 

1.0 

■Nor.iial hay, a\wage 



6, 0-12. 0 

Normal hay, one ease 



5. 0 

Norma.! grass on pasture 



20,0-30.0 


METHODS OF INVESTIGATION 

Samples of wire grass (Aristida sp.) were collected simiiltaneoiisl}" 
with samples of soil (3) by plucking from areas on which cattle became 
salt sick, and on healthy areas from both burned and unbiirned ranges 
within a 2 months' period. The wire grass samples were analyzed 
spectrographically for quantitative differences in mineral content. 
The grass was dried at about 70° C. and stored in sealed glass jars. 
The samples selected for analyses were obtained from extreme salt 
sick, marginal,'^ and healthy areas. 

All glass, platinum, and silica apparatus and equipment used were 
leached with hot 1 : 1 hydrochloric acid and rinsed several times with 
water obtained by triple-distillation through an acid-leached all-glass 
still. Spectrographic examination showed that this w'ater contained 
less than one-half part per million of copper (17), 

In earlier w’ork (16, footnote p. B51) the senior author found that 
grinding wire grass in a Wiley mill increased its iron content by 
6.0032 percent. To avoid contamination with metals, therefore, the 
grasses w^ere broken by hand, placed in platinum or silica dishes, and 
dried at 100° C. After drying, the grasses w-ere ashed for 24 to 48' 
hours in a muffle furnace at a temperatiu'e not exceeding 450°. The 
ash w'as then homogenized in an agate mortar and analyzed spectro- 
grapMcally. 

« Oa nmrg^ismi areas not salt kut mtfcle 5»stm-ei3 on these areas do not 

rftwrer. 
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QUANTITATIVE SPECTROGRAPHIG DETERMINATION OP COPPER 

Many workers liave reported quantitative spectrograpliic methods 
for the determination of copper in various materials, Geiiach and his 
coworkers (7, 8^ 18) determined copper in biological materials with 
silver or cobalt as the internal standard; in this study cadmium was 
used. ' 

To an accurately weighed portion of the ash of the sample a measured 
volume of a cadmium solution was added. This mixture was dried^ 
carefully homogenized in an agate mortar, and small portions spectro- 
p’aphed on a Littrow spectrograph. Selected and tested purified 
graphite electrodes were used. In this connection, it should be noted 
that the best grade of grapliite electrodes on the market frequently 
contains some copper, which may produce erratic results unless the 
electrodes are tested spectrograpliically prior to using, as was done in 
this study. Satisfactory and less expensive electrodes may be pre- 
pared by the purification methods of Standen and Kovach (20), 

Great care was exercised at all times to avoid contamination. The 
solution of cadmium is known to contain a small proportion of copper, 
but the quantit}?- thus added was negligible and was found not to 
affect the results. 

Quintuplicate analyses of each sample were made. A nonrecording 
mieropbotometer was employed for measuring the ratio of the line 
densities. The probable error of the method is less than 10 percent of 
the mean. 

RESULTS 

The analyses for copper in the wire grasses from both healthy and 
salt sick areas that had been burned, or left unburned, are given in 
table 2. This table also presents the percentage of total ash on the 
dry-matter basis. The copper content of the wire grass samples from 
the salt sick areas ranged from 4.7 to 10 mg per kilogram of dry mat- 
ter; those from the healthy areas ranged from 5.5 to 10.1 mg. 


Table 2,-r~Ash and mpper content of wire grasses from salt sick and healthy {burned 
and unburned) areas as determined by specirographic method 


Area, treatment, and sample 
no. 

-4.sh 

(dry 

tmsis) 

Copper per 
kilogram 
of dry 
matter J 

Area, treatment, and sample 
no. 

Ash 

Copper per 
kilogram 
of dry 
matter ^ 

Salt sick area,, imburned: 

223 - 

243-- 

Percent 

2,6 

3.1 
2.9 
2.6 
2.6 
2.7 
2. i 

■ 2.6 

3.1 

' 1 

Milligrams 

6. 1±G. 6 
7.6d- .8 
5,4±.S 

5. 3d= . 5 

4. 8=b . 5 
„ 4..7± .5 

1 7.4±.7 

‘ 4.8db.6 

1 modbLO 

1 6-’2 

Healthy area, burned, mar- 
ginal: » 

Percent 

3.4 

2.8 

2.8 

2.8 

Milligrams 
8/Sdz .8 
6. Sdr , , 6 
7.3± .7 
6.5± .5 

251 



245- - - ' 

261 — — 

249 

262 

292 


. 

Average - ■ 

^5- 


6.8 

275 - - i 

Healthy area, unburned: 



232 — ' -- 

j "'—'i 

'■ 2S5.-- 

Average- i 

3.7 
3.9 ' 
6.2 

3.8 ’ 
3.4 

2.8 
3.0 , 

9.6±1.0 
7.6i: .7 
10. 1±1. 0- 
8.0'± .8 
aSA: .9 
6.6=b .7 

1 5.9=b.6 

Salt sick area, burned: . , , , 

237 - ; 


■9!a.4. 

2.5 

3.0 

3.3 

i ■i.6±..7 
..8.Gyb.S' 

- 

27©—,———-,-', 

241--.- ' 

'277------ — ' 

35S-— — 

2— 

Average .i 

\ 1 

Average ■; 


■■ ^ 8. § . 


8.0 


1 





5- of 6 detenniwtioas. * 

s TWs area not sufficiently supplied witn available nufcrients to be dassed as strictly bealtby (mrrective}, 
yet not so lotr as to be classed as alt sick. 
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DISCUSSION 

A comparison of tlie copper content of samples of wire grasses 
collected from ranges on which cattle showed severe symptoms of 
salt sick^ and those from ranges on which the animals were always 
iieaitliv, failed to show any appreciable difference (table 2). 

Xeal and Becker (16'), however, found that in the grasses from 
healthy areas the content of iron, calcium, magnesium, and phos- 
phorus was higher than in the grasses from affected areas. An exami- 
nation by Bryan and Becker (d) of the soil from both areas showed 
that the'siirface soils of the healthy ranges contained approximately 
10 times as much iron, 5 times as much calcium and phosphorus, and 
twice as iiiucli copper as did those from the salt sick areas. These 
investigators report that “cattle will develop ^salt sick^ on soils with 
0.030 percent iron mid 3.85 p. p. m. of copper, while they remain 
health^" upon soils with 0.42 percent of iron and 8 p. p. m. of copper.^^ 

The* average values for copper in the grasses analyzed in the 
present work varied from 6.2 to 8 p. p. m.in salt sick and 6.8 to 8 p. p. m, 
ill healthy areas, which indicates that the content of this element is 
not proportional in the vegetation and in the soil. 

Sinee the grasses used in this wmrk were obtained from extreme 
salt sick and healthy areas, the comparison of the copper content of 
these grasses indicates that copper deficiency per se is not the main 
etiological factor of salt sick although iron supplemented with copper 
was found to be effective in treating this condition in cattle. In the 
Netherlands, however, Sjollenia {19) found an increase of about 
5 p. p. m. in the copper content of hay from healthy areas as com- 
pared with hay from “Lecksucht^’ areas. 

SPECTROGRAPHIC ESTIMATION OF OTHER TRACE ELEMENTS 

Since no significant differences were found in the copper content of 
the wire grasses, it was decided to examine the ash samples for other 
trace elements. The procedure was designed to permit an estimation 
of the proportions of certain elements present in magnitudes detect- 
able by spectrography on the original ash sample. 

In this work no effort was made to increase the proportions of the 
elements in the samples by precipitation or any other chemical method. 
By concentration methods it probably would have been possible to 
detect the presence of some elements which are reported as “not 
detected;’^ but the fact that an element is found to be present in a 
ve^ minute quantity is of less practical importance than a knowledge 
of its proportion in the sample. Accordingly, it seemed best to base 
thfe study on proportions of the elements detectable spectrograpMcally 
in the ash of the sample. 

A small proportion of the homogenized ash was volatilized in a 220- 
volt are, a current of 9 to 10 amperes being used. Specially purified 
graphite electrodes were employ^; repeated spectra of the graphite 
electrodes were made to insure a control of electrode impurities. In 
taking the spectrum of the sample, the arc was maintained until the 
sample was completely volatilized. Incomplete volatilization per- 
mits fractionation^ wMeh might involve a retention of the higher 
boiling elements in the residue and this vitiate the estimates of the 
amounts .of the eiemmts present. 

A spectrograph with Bnear dispersion of about 30 inches 

between 2,250 A and 5^500 A was used. Two prisnas. Were employed 
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witli this instrument — n glass prism for lines of wave length greater 
than 3,800 A and a quartz prism for shorter wave lengths. To make 
use of the sensitiveness of the 2,138 A zinc line, a quartz Cornu type 
spectrograph with linear dispersion of about 9 inches between 2,100 A, 
and 8,000 A was employed for the zinc determmations. 

The estimations were made by a modification of the comparison 
method used by Nitchie (14)- Standard powders containing knowm 
percentages of "the 24 elements included in the analysis were spectro- 
graphed in juxtaposition with spectrograms of the ash samples. The 
percentages of the elements present were then estimated by compm*- 
ing visually the intensities of the spectral lines in the sample with 
corresponding lines in the standards. Duplicate determinations 
were made on each sample. 

The data thus obtained are not intended as precision determina- 
tions, but are indicative of the ^hrder of magnitude’’ of the propor- 
tions of the elements present. To avoid misunderstanding as to 
precision, and also to retain a legitimate basis for comparison, the 
data are presented in ^h*ange” form. For example, 1~10 recorded in 
table 3 should be read: The amount of the element in the sample 
lies between 1 and 10 mg per kilogram of dry matter. 

The approximate sensitivity of the method is: For chromium, 
cobalt, nickel, and silver, betw'een 0.0001 and 0.001 percent; for 
aluminum, barium, lead, manganese, molybdenum, strontium, tin, 
titanium, vanadium, yttrium, and zinc, between 0.001 and 0.01 per- 
cent; for antimony, boron, bismuth, cadmium, lanthanum, thallium, 
and zirconium, between 0.01 and 0.1 percent; and for arsenic and 
lithium bet'ween 0.1 and 1 percent. 

The term ‘Trace” signifies the smallest detectable proportion of the 
element in the ash This value converted to the dry-matter basis is 
almost negligible, but this does not alter the fact that the element vras 
detected in the ash 

RESULTS 

The spectrographic estimations of the trace elements in the same 
wire grass samples that were used for the copper determinations are 
shown in table 3. Aluminum, barium, boron, lead, manganese, 
strontium, titanium, and zinc were detected in all the ash samples, in 
addition to copper 

Of the grasses from the unbumed salt sick area, chromium and 
silver were detected in traces in eight of the nine ash samples, and 
molybdenum in five. All the elements mentioned above except 
molybdenum were present in grasses from the burned salt sick and 
from the burned marginal areas Molybdenum was detected in two 
of the three ash samples from the burned affected area, and in two of 
the four samples from the burned maiginal area 

Chromium was detected in all the ash samples from the unburned 
healthy areas, in addition to the 10 elements present in all the grass 
samples from the burned areas Molybdenum and nickel were de- 
tected^ in three of the seven ash samples in this group 

Antimony, arsenic, beryllium, bismuth, cadniium, cobalt, lantha- 
num, thallium, tin, vanadium, ;^trium, and zirconium were not de- 
tected in any of the mh samples from these areas Nickel was de- 
lected only in the grasses from the heaithy unbumed area, and in one 
sample from, the unbumed s^t sick area 
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Table 3, — Spectrographic estimation of trace elements in wire grasses from salt 
sich and healthy areas expressed in niilhgrams per kilogram of dry matter ^ 
[Analyses made on ash, but for convenience converted to dry-matter basis. Duplicate analyses made] 


Sample no. 

Aluminum 

Barium j 

Boron 

Chromium 

Lead 

Manganese 

'd 

'P B 

o ^ 

Nickel 

Silver 

a 

■2 

n 

o 

a 

.2 

'S 

§ 

S3 

Salt sick area, un- 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

22.3 

20-80 

1-10 

10-30 

Tr 

1-10 

20-80 

ND 

ND 

ND 

<0 1 

1-10 

2-20 

243 

2-20 

<0.1 

2-20 

Tr 

1-10 

10-30 

Tr 

ND 

<0. 1 

<.l 

0. 1-1 

30-100 

2.^1 

10-30 

.1-1 

2-20 

Tr 

0. 1-1 

10-30 

ND 

ND 

Tr 

<■1 

. 1-1 

10-30 

261 _ 

20-80 

1-10 

2-20 

Tr 

.1-1 

20-80 

ND 

ND 

Tr 

<• 1 

<0.1 

20-80 

262 

10-30 

1-10 

2-20 

Tr 

.1-1 

2-20 

<0.1 

ND 

Tr 

<.l 

. 1-1 

10-30 

263 

10-30 

<•1 

10-30 

ND 

.1-1 

2-20 

<• 1 

ND 

Tr 

<■1 

<.l 

20-80 

265 

10-30 

.1-1 

2-20 

Tr 

1-10 

1-10 

Tr 

Tr 

<.l 

<•1 

<.l 

20-80 

275 

2-20 

.1-1 

1-10 

Tr 

.1-1 

10-30 

Tr 

ND 

Tr 

<.l 

<.l 

20-80 

285 

10-30 

.1-1 

2-20 

Tr 

.1-1 

30-100 

ND 

ND 

Tr 

<.l 

<.J 

30-100 

Salt sick area, 
burned : 








ND 

Tr 




237 

10-30 

1-10 

2-20 

Tr 

.1-1 

20-80 

0. 1-1 

<.l 

. 1-1 

10-30 

241 

20-80 

1-10 

2-20 

Tr 

.1-1 

30-100 

<.l 

ND 

Tr 

<.l 

1-10 

10-30 

258.— 1 

1-10 

<•1 

2-20 

Tr 

.1-1 

1-10 

ND 

ND 

Tr 

<•1 

<.l 

30-100 

Healthy area, burn- 
ed, marginal: 







ND 

Tr 

<•1 



234 

30-100 

.1-1 

2-20 

<0.1 

1-10 

10-30 

ND 

1-10 

1-10 

245 

20-80 

1-10 

2 >20 

<.l 

. 1-1 

>60 

,1-1 

ND 

Tr 

<.l 

. 1-1 

20-80 

249 * 

20-80 

1-10 ! 

2-20 

<. 1 

. 1-1 

10-30 

.1-1 

ND 

Tr 

<.l 

. 1-1 

10-30 

292 i 

10-30 

A-l\ 

2-20 

Tr 

. 1-1 

20-80 

ND 

ND 

Tr 

<• 1 

<.l 

10-30 

Healthy area, un> 
burned: 








ND 

Tr 




230 

15-50 

1-10' 

2-20 

Tr 

1-10 

15-50 

ND 

<. 1 

. 1-1 

30-100 

233 

30-100 

1-10 

2-20 

Tr 

1-10 

I 10-30 

ND 

Tr 

Tr 

. 1-1 

1 .1-1 

1-10 

235 - 

>60 

20-80 

10-30; 

<.l 

1-10 

>60 

ND 

0. 1-1 

Tr 

<.l 

1 2-20 

1-10 

239 

30-100 

2-20 

2-20 

Tr 

. 1-1 

! 15-50 

1-10 

ND 

Tr 

<.l 

1 I-IO 

15-50 

270. 

15-40 

. 1-1 

10-30 

Tr 

1-10 

1-10 

ND 

ND 

Tr 

<.l 

; 1-10 

30-100 

277 

10-30 

1-10 

2-20 

Tr 

. 1-1 

20-80 

Tr 

! Tr 

<.11 

<.l 

1 <.l 

20-80 

283 : 

2-20 

10-30 

2-20 

Tr 

<.l 

10-30 

1 

1-10 

1 ND 

Tr 

<.l 

1 Tr 

10-30 


1 NB denotes not detected. Tr denotes trace (see text for discussion). Antimony, arsenic, beryllium, 
bismuth, cadmium, cobalt, lanthanum, thallium, tin, vanadium, yttrium, and zirconium were not 
detected in any of the ash samples. 

DISCUSSION 

A comparison of the values for the trace elements in the wire grasses 
from healthy and affected areas did not show any appreciable differ- 
ences 

Certain elements were detected in all the ash samples; hence, the 
results for these elements are at least consistent Other elements were 
detected irregularly, which indicates that the ash may have been 
contaminated 

A high-titanium content in green parts of certain plants has been 
reported by Geilmami {6) and Headden (5), and unpublished work 
at this laboratory has confirmed this finding In the present study, 
titanium was detected in all the ash samples, but the proportions were 
low as compared with those reported by Geilmann and Headden. 

Recently, workers at this station have found that cobalt is a limiting 
factor in one type of salt sick known specifically as ^‘hill sick/^ The 
estimation of trace elements failed to show the presence of cobalt in 
any of the grass samples (table 3), yet this element is known to be 
beneficial to animals on certain areas. It should be pointed out that 
some of the elements reported in this study as not detected may have 
been present, but in amounts too small to be deternained by the method 
used 

The results obtained from this study suggest that salt sick may be 
the result of a combination of conditions which give rise to similar 
external sjrmptoms. The "ratio of the various elements involved may 
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be as important as the absolute amounts Possibly salt sick .may 
occur on grasses in which the iron content is high and the copper 
content low, or vice versa; or the ratio of iron or copper to some other 
element or elements may be involved 

Another factor that should be considered is the mineral content of 
the drinking water. In some water holes where an iron -bearing clay 
forms the substrate, the water is known to have a high content of iron 
and probably of other elements. 

SUMMARY 

A comparison of the results of spectrographic determination of the 
copper content of wire grasses from ^'salt sick'', marginal, and healthy 
areas failed to disclose any significant differences. 

The spectrographic estimation of other trace elements also showed 
no significant differences 

The following elements were detected in all the wire grass samples 
from the different areas: Aluminum, barium, boron, copper, lead, 
manganese, strontium, titanium, and zinc The following elements 
were not detected in any of the samples: Antimony, arsenic, beryllium, 
bismuth, cadmium, cobalt, lanthanum, thallium, tin, vanadium, 
yttrium, and zirconium. Chromium, molybdenum, silver, and nickel 
were detected in the samples, but not consistently. 
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FACTORS INFLUENCING THE DEVELOPMENT OF SOGGY 
BREAK-DOWN IN APPLES ‘ 

By H. H. PijAgge, research assistant professor , and T. J. Maney, research professor 
and head ^ Biihsection of Pomology, Iowa Agricultural Experiment Station 

INTRODUCTION 

The influence of storage temperature on soggy break-down ^ in 
certain apple varieties is generally recognized, but the relation of other 
etiologic factors to this disease is not so clearly understood. For 
example, it has been assumed that delayed storage is essen tial to the 
development of soggy break-down, and that late picking favors its 
occurrence. The effect of these and other causal agencies has not been 
demonstrated conclusively. Among other factors which have been 
considered as favorable or essential to the development of soggy 
break-down are inadequate ventilation of containers and storage 
rooms, a prolonged storage period, temperatures lower than 32° F., 
variations in fertilizer treatments, and climatic conditions. The 
effect of these and certain other factors on soggy break-down is con ■ 
sidered in this paper. 

The importance of storage temperature in the control of soggy 
breakdown has been emphasized in earlier publications (11 j IS, 17)} 
This paper presents further evidence to sho^v the relation of storage 
temperature to the disease in the varieties that were previously listed 
as susceptible and in other varieties for which little or no information 
is on record. The relative importance of other storage and prestorage 
factors as judged by the results of more than 1 1 years^ work is indicated. 

REVIEW OF LITERATURE 

Investigators ha ve emphasized the importance of immediate storage 
in the control of the soft scald type of soggy break-down in the 
Jonathan apple (1, S, 6, 18, 19), In an earlier paper (18) the writers 
indicated that delaying storage for 1 week, as compared with immediate 
storage or storage after 2 and 3 weeks^ delay, usually increased sus- 
ceptibility in this variety. It should be noted, however, that imixie- 
diate storage did not invariably prevent the disease, and that delays 
of 2 and 3 weeks gave best control. On the other hand, delaying the 
storage of Grimes Golden and Golden Delicious has usually resulted 
in greater susceptibility to soggy break-down (10, Id). Harding 
found that cold-storing Grimes Golden while it is in an active state 
of respiration produces a high degree of susceptibility (4), and that it 
reaches its highest respiratory activity between 3 and 5 weeks at 50° F. 

Harley and Fisher (6) concluded that a high concentration of carbon 
dioxide in Jonathan apple tissues is not a contributory cause of soggy 
break-down; Brooks and Harley (8) found that short exposures to 

1 Received, for publication Jan. 15, 1937; issued Deceinber 1937. Journal Paper No. J432 of the Iowa Agri- 
cultural Experiment Station; project No. 281. 

2 Tbe two types of low-temperature disease designated in the literature as '‘soggy break-down” and 
“soft scald” are considered by the writers to be the same, and in this paper will be included under the term 
“soggy break’rdown.” The reasons for this classification have been given (11, 17),^ 

3 Reference is made by number (italic) to Literature Cited, p, 762. 
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this £as and high temperature reduced the tendency toward the disease. 
Gerhardt and Ezell (5)j working with Jonathan at Wan at dice, Wash., 
found that immediate storage at 32° F., when preceded by a 24-hour 
exposure to carbon dioxide, gave approximately as good control as 
ordinary storage at 36°. With delayed storage, however, carbon 
dioxide exposures gave less consistent results. 


RELATION OF STORAGE TEMPERATURE TO SOGGY BREAK-DOWN 

Although results of storage experiments of a rather comprehensive 
nature, showing that temperature is of primary importance in the 
control of soggy break-down in Grimes Golden, have been published 
{11, IS, 17), information concerning the effects of storage temperature 
on other varieties is limited. Some results for Jonathan, Wealthy, 
and Golden Delicious are on record {9, 10, 14, 15), hut so far as the 
writers can determine, no results have been published for North- 
'western Greening and Whiter Banana. 

STUDIES WITH JONATHAN 

Table 1. — Percentage of soggy break-doion occurring in Jonathan apples during 
storage at dijerent temperatures for three and for five seasons 

RESULTS DURING 3 SEASONS i 


Temperature (° F.) 


30,. 


32 ,. 


Common storage.. 


Delay be- 
fore storing 

Break-down in— 


1924-25 

1926-27 

1928-29 

Weeks 

Percent 

Percent 

Percent 

0 

42.3 

14. 1 

8,2 

1 

18.9 

6. 9 

67. 6 

2 

10.3 

2.9 

21.7 

3 

0 

1.0 

16.2 

0 

6.9 

0 

1.8 

1 

.6 

0 

19. 1 

2 

.6 

0 

16. 2 

3 

0 

0 

.7 

0 

0 

0 

0 

1 

0 

0 

L9 

2 

0 

0 

5. 1 

3 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

.8 

2 

0 

0 

. 9 

3 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

() 

2 

0 

0 

0 

3 

0 

0 

0 


RESULTS DURING 5 SEASONS 3 


Temperature (° F.) 

Delay 

before 

storing 

Break-down in— 4 

1929-30 

1930-31 

1931-32 

1932-33 

1933-34 


Bays 

0 

10 

20 

0 

10 

20 

Percent 

76.2 

28.2 
1.4 

0 

0 

■■ 0 ' 

Percent 

8.7 

0 

0 

0 

0 

0 

Percent 

0.0 

12.2 

0 

0. 1 
■ O' 

0 

Percent 

11,2 

3.5 

0 

0 

0 

Percent 

0.7 

IflO 

0 

0 

0 

' .''0 




J Fruit examined the latter part of January, 

3 PieWug dates: 1924. Octc^er 7; 1926 and 1928, October 2, Source of Fruit: 1924, State orchard, western 
Iowa; 1926 ana 1928, Apple Grove orchards, central Iowa. Number of boxes per test: I to 4, The same 
iny^tigation was earned out in the seasons of 1 926 and 1027. No soggy breakdown occurred in these 2 years, 
» Fruit examined m February 1929-30 and 1931-32 and in March 1930-31, 1932-33, and 1933-34. 

and 1931, October 2; 1930, Oct. B; 1932, September 30. Source of fruit: 1929. 1930. 
and 1931, Apple Grove prclmrds, central Iowa; 1982 and 1933, Wortb orchard, western Iowa. Number of 

boxes per test: 1 to 4. In 1934 there was no crop because of severe drought. 
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The effect of various storage temperatures on the development of 
soggy break-down in Jonathan is shown in table 1. These results 
show that break-down developed more severely at 30° F. than at 
32°j 34°, or 36°, that it was a factor at 32°, and that it was not entirely 
absent at 34°. At 36° only traces of the disease appeared, and in 
common storage there was none. Experiments similar to those report- 
ed for three seasons in table 1 were also carried out in the seasons 
of 1925-26 and 1927-28, but no soggy break-down occurred. In 



FKJintE l.—Scctions of Jonathan apples severely afTeeted with the soft scald or surface type of sog£?y 
break-down. In most of the specimens shown the disease extends deeper into the cortex of the apple than 
is usual. (See fig. H for typical external appearance of soggy break-<lown in Jonathan.) 

earlier work US) the writers found extensive development of soggy 
break-down at 32° in each of three other seasons. The differeiice in 
the susceptibility of Jonathan in various years is thus very marked. 
The tendency to break-down in different lots of fruit ffiven various 
delayed treatments also varied in different years. This factor is 
considered later. 

The results of storing Jonathan at the two temperatures 30° and 
36° F. for five additional storage seasons are shown in table 1. These 
studies also show complete control of the disease at 36°. Variation in 
the susceptibility of Jonathan in different years was again apparent, 
and dissimilar break-down tendencies between lots of fruit given 
different delayed treatments were also marked. The results as a whole 
show that at a temperature of 36° soggy break-down (fig. 1) was 
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completely eliminated in each of seven seasons and that it was kept 
under 1 percent in each of eight. 

STUDIES WITH NORTHWESTERN GREENING 

Storage experiments in which boxes of Extra Fancy Northwestern 
Greening apples were stored at various temperatures lor each oi two 
seasons are sho'wn in table 2. In both seasons the iruit tested came 
from trees approximately 25 years old, and was picked at the peak oi 
the picking season. Tlie number of fruits per box ranged from 125 
to 72, but the majority of the boxes contained between 113 and^S. 
No color distinction between green and yellow fruit was rnade. The 
study also includes 2 years of observations of this variety under 
common storage. Delay before storing took place in an open packing 
shed. 


Table 2. — Percentage of soggy hreak-down occurring in Extra ^ Fancy Northwestern 
Greening apples at different temperatures ^ 


storage temperature (° F.) 

Delay 

before 

storing 

Slight break-down 

Severe break-down 

1924-25 

1927-28 

1924-25 

1927-28 


Days 

Percent 

Percent 

Percent 

Percent 



2 

12,5 

12.7 

66. 4 

8.7 



7 

12.5 

16. 8 

17.3 

8.4 



14 

1.9 

0 

0 

0 



21 


13.4 


41. 3 



2 

112 

28.4 

41,4 

43.2 



7 

13.6 

21. 8 

29.6 

0 



14 

0 

2.6 

0 

.9 



21 


14.9 


4.4 



2 

1.5 

42,7 

1.6 

17. 3 



7 

4.8 

15,3 

0 

4.2 



14 

0 

0 

0 

0 



21 


2.4 


2.4 



3 2 

6.8 

56.3 

2. 6 

11. 3 



7 

1.6 

5.1 

.8 

0 



14 

0 

L7 

0 

0 



21 


0 


0 



1 

4.4 


2. 7 


4:0. 


7 

3.8 


1. 9 




14 

1.6 


1. 0 




1 

0 


0 


29-60 ^ (common storage) 


7 

0 


0 




14 

0 


0 



2 Picking date. Oetol>er 13 in both seasons. Source of fruit: 1924, State orchard, western Iowa; 1927, 
Apple Grove orchards, central Iowa. 

2 Fruit examined February 18 for 1924-25 and March 3 for 1927-28. 

3 l-day delay in 1924-25. 

^ Minimum and maximum temperatures for various months that fruit was in common storage: October, 
44°-60° F.; November, 32°-54°; December, 32‘’-39*^; January, 29°-34'^, 

The severity of the disease is expressed as slight break-down, whicli 
includes apples wdth an approximate total affected area not more than 
one-half inch in diameter; and severe break-down, which includes all 
specimens more severely affected. Severely affected apples frequently 
have 50 to 75 percent or more of their areas involved, and are always 
worthless. Slightly affected apples usually have some culinary value. 
At 36° F. Northwestern Greening shows a rather high proportion of 
slightly affected fruit, while at the lower temperatures the proportion 
of severely affected fruits is greater. 
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Severe break-down was usually most prevalent at the two lowest 
temperatures, 30° and 32° P. (fig. 2 and table 2). The results were 
similar for the fruit recorded under slight break-down in 1924, but for 
the 1927 fruit they were somewhat less consistent. At 40° the per- 
centage of break-down was under 5 percent, and none occurred in 
common storage. The tendency for the fruit to decrease sharply in 
susceptibility with delayed storage is conspicuous in this variety; fruit 
given 2 and 3 weeks’ delayed treatment was practically immune to 
soggy break-down. 














Figure 2.”~Soggy break-down in Northwestern Greening: A, Severe soggy break-down occurring at 
30° and 32° F.; B, slight soggy break-down in typical specimens stored at 36°, Like Jonathan, Northwestern 
Greening does not exhibit the internal type of soggy break-down. 


Further evidence that storage teinperature is a practical method of 
curtailing soggy break-down in Northwestern Greening is presented in 
table 3, The fruit used in this study was similar to that recorded in 
table 2 and received the same prestorage and storage treatment, 
13 at a for six seasons are presented on storage lots which were stored 
in most instances on the day of picking, or 1 or 2 days later. Except 
in one instance, break-down was most severe in fruit stored at 30° F. 
Fruit at 32° consistently yielded Mgher percentages than that at 
34°, and the latter usually liigher than fruit at 36°. No break-down 
occurred in common storage. The rather large percentage of break- 
down at 36° is indicative of the high degree of susceptibility of North- 
western Greening. This apple is regarded as the most susceptible 
variety thus far studied at Ames. The smaller amount of break-down 
noted in the 1925 data is probably the result of the delayed storage 
treatment of 11 days. 
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Table 3. — Percentage of soggy hreak-down ^ occurring in Extra Fancy Northwestern 
Greening apples ^ during storage at different temperatures ^ 


year 


1924. 

1925. 

1926. 

1927. 

1928. 

1929. 


Picking 

date 

Delay 

before 

storing 

Date ex- 
amined 

Break-down at storage temperature ^ of— 

30“^ F, 

32° F. 

34° F. 

36° F. 

Oct. 13 
Oct. 9 
Oct. 8 
Oct. 13 
Oct. 20 
Oct. 8 

Days 

2 

11 

1 

2 

0 

0 

Feb. 18 
Feb. 20 
Jan. 13 
Mar, 3 
Mar. 22 
Jan. 23 

Percent 

66.4 

9.0 

41,6 

8.7 

46.3 

62.0 

Percent 

41.4 

2.2 

27.3 

43.9 

28.8 

Percent 

1.0 

0 

11.2 

17.6 

10.4 

Percent 

2.6 

0 

5.6 
11.8 

8.7 
18.7 




^ P'Oggy break-down given as severe break-down; slight break-down ,, . . , 

2 The 1924 lot of fruit was from the State orchard in western Iowa; that for 1925-29 all came from Apple 
Grove orchards in centra! Iowa. In all cases fruit was from trees approximately 2o years old. 

3 No break-down occurred in common storage. 


STUDIES WITH WEALTHY 

In previous publications { 14 ., 15) the writers have reported the 
occurrence of soggy break-down in the Wealthy variety. A distinc- 
tion was then made between soft scald and the internal type of soggy 
break-down; so that the data do not give a true picture of the severity 
of the latter disease in this variety. The internal type of soggy 
break-down was not recognized as such until some years later; and 
the earlier data { 14 y 15) therefore include only the soft-scald type 
(fig. 3). 

In the studies for the three seasons reported in table 4, the apples 
were picked in prime condition, were of good color, and of Extra 
Fancy grade. They were wrapped in oiled-paper wrappers and packed 
in boxes. The fruit in all cases was selected from old trees. 

There was no soggy break-down of fruit in common storage, and 
when the disease occurred at 36° F., in most instances the percentage 
was low. Storage at 34° did not control the break-down satisfactorily, 
particularly when storage was delayed, and storage at 30° and 32° in 
most cases was even less favorable. In general the data indicate that 
36° is the most desirable temperature for the prevention of soggy 
break-dowm, and that delayed storage up to a certain point increases 
the susceptibility of the fruit. Beyond this point, according to the 
1928 data, delayed storage appears to increase resistance. 


T K'RiM -Percentage of soggy break-down occurring in Wealthy apples during 

storage at different temperatures 



Picking 

Delay be- 

Break-down at storage temperatures '■* of— 

Season 





date 

fore storing 

30° F. 

32° F. 

1 34° F. 

36° F. 




Days 

Percent 

Percent 

Percent 

Percent 



1 


0.0 



1924-25 

Sept. 17 

■ 7 


32.8 




14 


38. 4 



' 1928-27....,_.._ . 

Sept. 22 

2 

16.2 

5.3 

2.5 

4. 7 


1 9 

22.0 

12,3 

6.0 

1.2 



f 2 

1.7 

2.3 

3.0 

0 

1928-29. 

Sept. 5 

10 

85.7 

85.9 

49. 2 

28.3 


14 

79.6 

89.8 

44.4 

11.3 



21 

36.6 

16.1 

14.6 

0 


I Fruit examined in January in each season. Source of bruit: 1924 and 1920, northern Iowa; 1928, central 
^ No break-down occurred in common storage. 
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STUDIES WITH WINTER BANANA 

Attention w^as first called to the occurrence of soggy break-down in 
Winter Banana apples in 1933, when the writers observed a trace of 
the disease in one box of apples stored at 31° F. Results of storage 
tests for this variety are now available for three seasons (table 5). 
The apples came from northeastern Iowa; those tested in 1934 and 
1935 were from trees 8 to 10 years old and those tested in 1936 w^ere 
from trees approximately 25 years old, growing in a sandy loam soil. 
The fruit, of extra fancy grade, was packed and wrapped in oiled 
paper in 1934 and 1936, but was left unwrapped in 1935. The apples 
in the 1934 and 1936 seasons wmre picked on October 5 and in the 1935 



riauRE 3.— Soggy break-down in Wealthy apples: Ay Surface type resembling, in external appearance, 
the disease as it occurs on Jonathan and Northwestern Greening. vSections of such specimens frequently 
reveal also the internal typo. B. Internal type in specimens exhibiting no external symptoms of the 
disease, though similar specimens frequently have both typers of soggy break-down. 

season on October 7. In 1935 and 1936 the fruit was considered 
normal in development; in 1934 it was slightly more mature than in 
the other two seasons. This might have been occasioned by extreme 
wmrm weather in the 1934 season. 

It will be noted that the earliest stored fruit of the first season was 
most susceptible/ and that there was a gradual decrease in the sus- 
ceptibility of the apples given the 5 and 9 daysV delay. With and 
following the 13-day delay there was usually marked decrease in 
susceptibility. The results for the second year differed from those 
of the first in that immediate storage and the shorter delays resulted 
in limited amounts of soggy break-down, while longer delays increased 
susceptibility. However, the tendency for the fruit given the longer 
delays (15 and 18 days) to increase in resistance, although not so 
marked, is apparent in the 1935 results, as it was in 1934. The data for 
storage at 36° are not complete, but the results indicate that Winter 
Banana apples are resistant to soggy break-down at this temperature. 

34803-— 3T— -3 , 



Vol. 55, no. 10 


746 Journal of Agricultural Research 


Table 5. — -Percsfi-tage of soggy hreaJz-down occurttfig tfi W'lfiief Pathoua, upples 
(hiring storage at dif event temperatures ^ 


Season 


Apples stored 
at— 

Delay 

at 

50° F. 
before 
storing 

Break- 
down 
in stor- 
age at 
31° F.2 

Season 

Applets stored 
at— 

Delay 
at ' 
50° F. 
lie for e 
.storing 

Broak- 
clown 
in stor- 
age at 
31° F.2 

31° F. 

36° F. 

31° F. 

36° F. 


Number 

Number 

Days 

Percent 


Number 

Number 

Days 

Percent 



113 

125 

1 

73.5 


150 


0 

1,4 



125 


5 

60.2 


163 


3 

1,2 



290 


9 

51,4 


125 


6 

7.2 



.301 


13 

16.6 


163 


9 

12. 0 



301 


17 

13.6 


150 


12 

5.4 



163 


21 

4.3 


138 


15 

23.6 



150 


25 

19.3 

1936-37 

150 


18 

i 29. 5 



96 

113 i 

0 

0 


150 


! 21 

55. 0 



96 

113 

3 

3.1 


163 



24 

16. 6 



102 

. 113 

6 

11.8 


150 


27 

1 3.3 

1Q3.n~36 


no 


9 

68.2 


163 


35 

1.3 



TOO 


12 

72.4 


150 


42 

0 



107 


15 

57.8 


150 


49 

0 



, 102 

! 

18 

34,3 







1 Fruit examined Feb. 15, 1935, Feb. 6, 1936, and Feb. 10, 1937. 

2 No break-down occurred in cold storage at 36° F., though only 1 test after 1 day delay was made in 
1934-35 and 3 tests, after 0, 3, and 6 days’ delay, respectively, were made in 1935-36. I box stored at 50° 
continuously in 1936-37 showed no break-down. 

The results obtained in the third season confirm those of tlie second 
in that lowest break-down occurred with the shorter periods of delay, 
and susceptibility to break-dowai increased as the delayed storage 
period was increased to a certain degree. Highest susceptibility 
occurred with 21 days^ delay in the 1936-37 season, and with 12 days^ 
delay in 1935-36. The fruit of the first season was somewhat over- 
mature and tliis probably accounts for the earlier stored samples of 
that year being more susceptible to soggy break-down. 

Specimens of Winter Banana exhibiting the soft scald type of soggy 
break-do wm very frequently exhibit the internal type of break-down 
also, and both types occur concurrently in the same storage lots {16). 
These observations provide further evidence that the two types of 
soggy break-dowm are identical (fig. 4). 

STUDIES WITH GOLDEN DELICIOITS 

Golden Delicious is one of the most susceptible varieties and occa- 
sionally develops break-down at 34^ and 36"^ F. Some results of 
experiments with this apple showing that a temperature of 36^ 
controls soggy break-down have been published {10), It is siifficient 
to call attention to the fact that in these studies soggy break-down 
occurred severely at 30° and 32° F. ; that 34° was unsatisfactory when 
storage w^as delayed 12 and 14 days; and that at 36° and in common 
storage the disease did not appear even though storage was delayed 
3 weeks in some instances. 

Further data for three seasons for fruits kept at a temperature of 
31° F. likewise show the susceptibility of this variety to low-tempera- 
ture break-do wm (table 7). Sufficient numbers of check boxes wT-re 
kept at a temperature of 36° each year to confirm the resistance of 
Golden Delicious at the higher temperature. 
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RELATION OF DELAYED STORAGE TO SOGGY BREAK-DOWN 

The effect of relatively short delays before storing and of prolonged 
periods of delay on the snsceptibility of apples to soggy break-down 
varies with different varieties as well as with different seasons. In 
this discussion, then, consideration is given (1) to the effect of relatively 



Figure 4. —Soggy break-clown of Winter Banana apples. These specimens, although showing the typical 
surface type of soggy break-down, probably would also exhibit the internal type if sectioned, 

shoi't delays, and (2) to the effect of protracted delays on the subse- 
quent development of soggy break-down in cold storage. The data 
presented are for typical seasons when the disease was prevalent in 
the varieties studied. 

INFLUENCE OP RELATIVELY SHORT DELAYS 

Unavoidable delays of a few days to several weeks sometimes occur 
in carrying out large-scale harvest operatipns. When this happens, 
the results may be expected to be considerably different from what 
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they, would have been had the fruit been stored witliin 24 hours after 
picldng.^ Particularly is this true if the storage temperature is as 
low as sr or 32^ F. ' ^ ... ^ . 

From the results of the storage investigations at AmeSj the writers 
have found it difficult to state definitely whether immediate storage 
or short delay's result in greater susceptibility in Jonathan apples. 
In some instances immediate storage has made Jonathan more sus- 
ceptibleyin others delayed fruit has been more susceptible. 

That delaying the storage of Jonathan may not necessarily increase 
susceptibility butj on the contrary, may decrease it, is indicated by the 
results shown in figure 5, A, Data are presented for four seasons, and 
these may be considered to give about the average picture over a 
period of years. In twm seasons short delays of approximately a week 
to 10 days increased the tendency to break-down; in two other seasons 
a delay of 1 week as compared to immediate treatment, decreased 
susceptibility. With one exception, 2 to 3 weeks’ delay made Jona- 
than more resistant, or about as resistant as immediate treatment. 
These observations show' that susceptibility to low-temperature break- 
down in Jonathan may be either positively or negatively associated 
wdth short delays before storage, according to the particular season 
in which the fruit is grown. Further evidence supporting this state- 
ment is given in tables 1 and 2. 

That delayed treatment may definitely make apples more resistant 
to soggy break-dowm is indicated by results depicted in figure 5, B, 
The results for Northwestern Greening are typical for this variety 
(table 3), Results for the one season with Winter Banana, though 
similar to those for Northwestern Greening, are the reverse of those 
obtained in 2 other years (table 5) ; so that no definite statement as to 
the performance of this variety can yet be given. It may, like Jona- 
than, give on result one season and the opposite result another 

The usual or expected results of delaying storage of Golden Delicious 
and. Grimes Golden apples are shown in figure 5, G. For these two 
varieties immediate storage, or a very short delay of 2 to 3 days, 
usually gives better results than longer delay. The tw'o seasons’ 
results for these varieties exemplify the general rule for the occurrence 
of soggy break-down. However, exceptions to this rule for Grimes 
Golden and possibly Golden Delicious may be expected. For example, 
data for 1924 [15) showed that Grimes Golden given only 24 hours’ 
delay became susceptible to break-down, and data for another season 
showed that when growm during the very warm summer of 1934 under 
heavy irrigation it became very susceptible under immediate treatment 
(table 6). Regardless of exceptions, however, it is reasonably certain 
that delays of 1 to 3 weeks in the storing of Grimes Golden and Golden 
Delicious wdll result in higher susceptibility to soggy break-down 
than will immediate storage, 

INFLUENCE OF PROLONGED DELAYS 

As in the case of short delays, the effect of prolonging the period of 
delayed storage on the subsequent behavior of apples in storage 
varies considerably between varieties and seasons. In studying this 
problem, testing and observation over a period of years with sus- 
ceptible varieties was necessary . 

wMch indicate that a diflaranoe of 24 hours in the storing of Jonathan may result 
In marked diflferenoes m susceptibility. 
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JONATHAN JONATHAN JONATHAN JONATHAN 

193A,31“R 1929, 30“R 1926, 30“F. 1924,30°F. 



GOLDEN DELICIOUS GOLDEN DELICIOUS GRIMES GOLDEN GRIMES GOLDEN 

1931, srR 1927, 1928, 32 °F. 1925, 30®F. 


Figure 6 .— -Percentage of soggy break-down in apples of different, varieties withheld from storage for various 
lengths of time and then stored at the temperatures shown, yi, fruit held at .50® P. before storage, except 
in 1924 when it was held at outdoor temperatures; B, fruit held at 60° in 1929 and 1934 and at outdoor 
temperatures in 1924 and 1928; O, fruit held at 50° in 1928 and 1931 and at temperatures prevailing in an 
open packing house in 1925 and 1927. 
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Experimeiital studies since 1924 have shown that keeping Jonathan 
at ordinary outside temperatures 3 to 4 weeks or longer ^beiore cold 
storing makes it practically immune to soggy break-down.*" 

Results with Grimes Golden 

The effect of protracted periods of delay on the development of soggy 
break-down in Grimes Golden for each of 5 years is recorded in table 6. 
After 6 weeks of delayed treatment in 1928 in each of three lots stored 
at different temperatures, there may be noted a definite breaking 
point in the susceptibility of the stored fruit. Six weeks^^ delay 
resulted in similar reductions in the susceptibility of the fruit in 1931 
and 1934, while 5 and 7 wrecks' delay yielded similar results in 1 929 and 
1930. In nearly all instances, therefore, protracted delays reduced 
the tendency to soggy break-down after definite periods of time. 
Periods of delay greater than 5 to 7 weeks did not increase suscepti- 
bility to this type of break-dowm. 

Table 6 . — Effect of length of period of delay before storage ypon the percentage of 
soggy break'-down occurring in Grimes Golden apples^ during storage at dtffereni 
temperatures in five seasons 


Break-down in season and ai temperature indicated 



Delay 




at ' 









i 

Lot No. 

50° F 


1928-29 


1 1929-30 

193( 

1-31 

1931-32 

1934-35 


before 











1 storing 



1 

1 

! 







30° F. 

32° F 

36° F 

30° F 

36° F 1 

31° F 

36° F 

31° F. 

31° F. 


Weeks 

Percent 

Percent 

Percent 

Pei cent 

Percent 

Pe ret nt 

Percent 

Percent 

Percent 

1 

0 

3.8 

0.4 

0.4 

4.7 

0.0 

0 0 

0.0 

0 0 

m. 6 

2 

1 

.8 

6.5 

.6 



1.6 

0 

.6 

97.0 

3 

22 

67.8 

; 73.5 

4.0 

24.6 

0 

5.6 

0 

1.7 

63.4 

4 

3 

00.3 

67.9 

8.7 

41.0 

0 

9.3 

0 

2 4 

4,3. 7 

6 

4 

03.4 

69.3 

21 4 

7.4 

0 

13.4 

0 

2.2 

44.8 

6 

5 ' 

68.5 

i 38.0 

8.1 

2,3 1 

0 

5.6 ! 

0 1 

2. 5 

36.1 

7 

6 

,7 

3.6 

0 

0 i 

h 

16.9 

0 1 

1.2 

7.5 

8 

7 

.8 

0 

0 

0 i 

0 

2.2 


0 

6.1 

9 

8 

,6 

0 

0 

0 

0 

1.5 

0 

0 

6 

10 

9 

0 

0 

0 





0 

0 

11 

10 

0 

0 

0 




Tkd" 


0 

12, 

11 

0 

0 

0 






0 

13 

12 

0 

1 0 

0 










1 

1 


1 







] Source of fruit: 1928 and 1929, old trees, Apple Grove orchards, central Iowa; 1980 and 1931, young trees, 
Highland fruit farm, western Iowa; 1934. young trees, Schurk orchard, southeastern Iowa. Growing con- 
ditions: 1928 and 1929, temperature moderate, rainfall abundant; 1930 and 1931, temiKTature excessively 
high, soil moisture unusually low; 1934, temperature very high, orchard under irrigation. Picking dates: 
Sept. 25, 1928; Sept. 29, 1929; Sept. 16, 1930; Sept. 22, 1931; Sept. 25, 1934. Fruit examined; Jan. 24, 1928; 
Jan. 29, 1929; Apr. 1, 1930; Feb. 19, 1931; Feb. 15, 1934. 1 box m each test, 
s 10 days* delay in 1929-30. 


In table 6 it may be noted that in 1934 the marked predisposition 
to spggy break-down in promptly stored Grimes Golden was accom- 
panied by low break-down tendencies under prolonged delayed treat- 
ments. This fruit from a heavily irrigated orchard in southern Iowa 
was grown during the warmest summer on record and was picked when 
very mature, yet it improved in resistance with the longer delayed 
treatments. It appears, therefore, that Grimes Golden becomes 
markedly l ess susceptible to soggy break-down when given a 6-week 


^ It seems advi^ble to point out th^t the practice of delaying the storage of fruit either for short periods or 
mr long penoos is not recoinmended in any instance as a measure for the prevention of soggy break-down. 
Sir? delayed stor^e have been eonduoted mainly for the purpose of acquiring information 

storage of apples may make them more resistant to 
also mskh them more susceptible to other diseases, suoh as apple scald, Jona- 
than spot, bitter pit, mealy break-down, or to loss m flavor, mealiness, etc. 
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prestorage treatment at 50^ F., and practically immune with still 
longer, similar prestorage treatments. 

Harding^s respiration studies {5) are of particular significance in 
view of the foregoing results. He foimd that high respiratory activity 
(ill the 1928““29 and 1929-30 fruit, table 6) was correlated with high 
susceptibility to soggy break-down. In other words, both the res- 
piration rate and the liability to soggy break-down were noticeably 
lowered after approximately 6 weeks of storage at 50° F. 

Results with Golden Delicious 

In experiments with Golden Delicious, comparable to those carried 
on with Grimes Golden and Jonathan, the results were similar but 
less conclusive. Data for 3 years of observations are reported in 
table 7. Relatively long delays of 8 to 12 weeks at 50° F. somewhat 
decreased the severity of soggy break-down in the 1931 and 1934 
fruit. After 9 and 10 weeks of delayed treatment in 1931 there was 
a distinct lowering of susceptibility, the percentages being 31.5 and 
44.6 respectively, as compared to 57.3 for the 8 weeks^ treatment. 
There was a gradual decrease in susceptibility beginning with the 
7 \veeks^ treatment, but the differences were less marked than with 
Grimes Golden. Decreases in susceptibility to severe break-down in 
the 1934 fruit are similar to those in the 1931 fruit. As the tendency 
to severe break-down decreased in the 1934-35 fruit, the tendency to 
slight break-down increased. 


Table 7. — Effect of length of period of delay before storage upon the percentage of 
soggy break-down occurring in Golden Delicious apples ^ during storage at F. 
in S seasons between 1930 and 1935 


Lot No. 

Delay 

1 at 50® F. 
before 
storing 

Break-down in — 

1930-31 

1931-32 

1934-35 

Slight 

Severe 

Total 

Total 

Slight 

Severe 

Total 


Weeks 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

1 

2 0 

0.0 

0.0 

0,0 

0.0 

7.2 

21.7 

29.0 

2 

1 

0 

0 

0 

3.3 

5.6 

63.0 

68.6 

3... 

2 ! 

0 

0 

0 

22.1 

16. 2 

48.5 

64.7 

4.. - 

3 i 

2.5 

0 

2.5 

51,0 

; 7.4 

77.8 

86. 3 

5 _ . . 

4 1 

7.3 

15.3 

22.6 

67.7 

6.6 

71.5 

78.2 

(5 

5 

12.4 

32.8 

46.0 

76. 6 

4.2 

90,9 

95. 2 

7 

6 I 

10.4 

13.9 

24.4 

79.6 

7.4 

84. 6 

92.0 

8 

7 

13.5 

24.5 

38.1 

61.3 

10.9 

86.2 

97. 0 

9 ■ 

8 

9.0 

37.7 

46.7 

57.3 

6.4 

83.4 

89. 7 

10„ 

9 




31.5 

14.4 

72.5 

86. 9 

11 

10 




44,6 

13.1 

80.9 

94, 0 

12-...„ 

11 





46.7 

33. 3 

80. 0 

13, - 

12 





35.6 

44.2 

79.8 









1 Source of fruit: 1930, Apple Grove orchards, central Iowa; 1931, Highland fruit farm, western Iowa; 1934, 
Schurlc orchards, southeastern Iowa. Growing conditions: 1930 and 1931, temperature high, soil moisture 
low; 1934, temperature very high, orchard heavily irrigated. Picking dates: Oct. 6. 1930; Oct. 7, 1931; Sept. 
18. 1934. Fruit examined: Mar, 30, 1930; Feb. 2.5, 1931; Feb. 11, 1934. Number of boxes; 1931 and 1934, 1; 
1932 2 

2 sWed same day picked in 1930 and 1931; 6 days’ delay in 1934. 

The difference between Grimes Golden and Golden Delicious in their 
res^ponse to long-delayed treatment must be considered in relation to 
varietal characteristics, i, e., date of maturity and length of storage 
season. Grimes Golden, for example, matures relatively early and be- 
gins its storage period early, whereas Golden Delicious matures late, at a 
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time when tlie average growing temperatures are lower. Tlie con- 
ditions to wliicli the two varieties ai’e subject during the maturation 
period are decidedly diflerent, and the fact that their ripening periods 
are not coincident may alone be suflicient to account for different 
responses in storage. Experiments similar to the foregoing were 
carried out with Golden Delicious in three other seasons, but no 
soggy break-down developed, indicating again that seasonable dilfer- 
eiices ill the susceptibility of apples must be considered in studying 
this disease. 

Results with Northwestern Greening 

Results with Northwestern Greening for the season 1929 -30 are 
giAmn in table 8. The fruit, which was obtained from central Iowa, 
was selected and handled as in former seasons. The data indicate a 
marked lowering in the susceptibility of the apples when storage was 
delayed 2 weeks at 50° F. With longer delay practically no break- 
down developed at either 31° or 36° F. The results are similar to 
those for Jonathan, which consistently exhibits resistance with delayed 
treatments longer than 3 and 4 Aveeks, 

RELATION OF MATURITY OF FRUIT ON DATE OF PICKING TO 
SUSCEPTIBILITY TO SOGGY BREAK-DOWN 

Earlier results published by the writers (13) indicated that tlie 
maturity of Jonathan on the date of picking influences its suscepti- 
bility to soggy break-doAAui. xAn interpretation of the earlier results, 
together with those for three other seasons, is summarized in table 9. 
The pickings recorded for each year extended throughout the commer- 
cial picldng season for Jonathan, so that intermediate dates represent 
fairly closely the optimum picking dates. The term “highest matu- 
rity” indicates the degree of maturity attained on the latest picking 
date; the terms “intermediate” and “lowest maturity” refer to 
maturity attained on intermediate and earliest picking dates. All 
samples were stored at 32° F. 


Table 8. — Effect of length of 'period of delay before storage upon the percentage 
of soggy break-down ^ occurring in Northwestern, Greening apples durmg storage 
ai 31° and 36° F., 1929-30 y 


Lot No. 

Delay , 
at 50° 1 
P. be- 
fore 
storing 

Apples 2 

Break-down at 
storage temper- 
ature of— 

31° P. 

36° F 



Number 

Percent 

Percent 


C) 0 

100 

62,0 

18.7 

2 ._ 

1 

72 

23.6 

1.4 

' 

2 

138 

3.7 

0 

4 i 

8 

m 

1.0 

0 

5 _ 1 

4 

m 

3.1 

0 



Doliiy 
at 5t)° 
P. be- 


Break-down at 

Lot No. 

Apples 2' 

storage leiiiper- 
nture of — 


fore 

vStOIlUg 


31° P. 

36° P. 






6 

Weeks 

Number 

Pt rcenl 

Per ’( nt 

5 

or. 

0.0 

U. 0 

7 

6 

04 

0 

0 

8— 

7 

100 

0 

0 



8 

88 

0 

0 


^ Fnut examined January 2S. 

® Nnmlmr &Ibo mdicates size of fruit. 


3 Stored same day picked, October 8. 


^ 111 Joimthan, the highest degree of maturity as indicated by late 
picking appears not to be correlated with greatest susceptibility; and 
Iruit picked at the beginning of the commercial season, or before it had 
become wermature, appears to be more susceptible to soggy break- 
down. Ihese results agree in part vriih those reported by Tiller and 
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Chittenden (£0) of New Zealand, who found that overmature Jona- 
than apples were less susceptible to ^^deep scald^^ than fruit of lesser 
degrees of maturity. 

Table 9. — Relation of degree of maturity of the fruit to soggy break-down susceptibility 
in Jonathan apples stored at 32° F. 


Season 

Pickings 
per season 

Degree of maturity associated with Jowest 
susceptibility 

Degree of maturity 
associated with 
highest suseepti- 
bility 

1919-20 

Number 

5 

6 

5 

4 

3 

4 

Highest 

Lowest. 

Intermediate. 

Lowest. 

Intermediate. 

Do. 

Lowest. 

1920-21 

Lowest -- 

1922-23 

Highest 

1923-24 

Lowest 

1924-25 - 

Highest 

1926-27 

Intermediate and highest 




The results of varying the picking maturity of Jonathan throughout 
three seasons are given in table 10. In 1923, the highest resistance 
was found in the earliest samples harvested on September 18; the low- 
est resistance in fruit of intermediate maturity harvested on September 
24 ; and progressive increases in resistance were noted in the two suc- 
ceeding pickings of fruit. 

The 1924 results were similar in that highest matuiity resulted in 
low susceptibility. Because of the slight occurrence of soggy break- 
down the data for 1926 give less information, but they do indicate 
greatest susceptibility in one of the most immature samples. 

The value of these residts with Jonathan lies mainly in that they 
show that picking maturity seems to affect susceptibility to soggy 
break-down, and that storage behavior may be directly related to the 
maturity attained on the tree. 

Table 10. — Percentage of soggy break-down occurring in apples of several varieties 
harvested at various stages of maturity and stored at 32° F. 


Variety 

Year 

Picking 

dale 

Break-down after indicated delay before 
storing of— 

None 

1 week 

2 weeks 

3 weeks 




Percent 

Percent 

Percent 

Percent 



fSept. 18 

0.0 

4.6 




’ 1923 

Sept. 24 

45. 5 

82. 2 




Sept- 29 

34. 6 

14.0 





Oct. 4 

13. 5 

12. 3 





Sept. 30 

10. 2 

8.6 

3.0 

0.0 

Jonathan... 

1924 

Oct. 7 

18.3 

3.4 

.3 

0 



Oct. 14 

4.8 

2.9 

1.7 

0 



Sept 20 

0 

3,4 

0 

0 



Oct, 2 

0 

0 

0 

0 



Oct. 5 

0 

0 

0 

0 



Oct. 12 

Q 

0 

i 0 

0 



Aug. 27 

0 

8.9 

12. 0 



r 1923 

' Sept, 4 

0 

4.0 

1.0 



1 

Sept. 11 

0 

2.0 

0 


Wealthy—....-.,.--.-.- 

J 

Aug. 28 

0 

0 

.6 



1 1924 

Sept. 3 

0 

.6 

4.3 




Sept. 9 

0 

0 

10.4 




Sept. 17 

0 

'22.8 

31.8 




Sept. 7 

0 



44.9 



Sept. 11 

0 



65.3 

G rimes Golden 

1928 

• Sept. 14 

0 



61.4 



Sept- 20 

0 



89.0 



Sept. 25 

. .4 



67.9 



Sept. 12 

0 

. ' 4,4 

,/'4.7: 


N or th western Greening. ... 

1923 

Sept. 19 
■ Sept. 25 

8.0 

19,3 

3. 6 
28.8 

2.0 




lOct. 17 

* 51. 2 
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With Wealthy^ the results for the two seasons are conflicting. In 
1923 the most immature fruit was the most susceptible, and in 1924 the 
most mature fruit was the most susceptible. _ ^ 

With Grimes Golden, the highest susceptibility was found m iruit 
picked on September 20. As judged by the usual methods lor deter- 
mining matiiiity, tliis date was considered the optimum picking time 
of the season, ‘it should also be noted that very immature fruits of 
Grimes Golden, picked as early as September 7, were highly susceptible 
With Northwestern Greening, undermaturity was associated with a 
much higher degree of resistance than overmaturity. 

EFFECT OF CONTINUOUS MOVEMENT OF STORAGE-ROOM ATMOS- 
PHERE AND OF STORING IN OPEN CONTAINERS ON SOGGY 
BREAK-DOWN 

In 1924 the writers reported studies {IS) in which recirculation of 
the storage-room atmosphere gave good control of soggy break-down 
in one season and only partial control in another.^ The apples used 
were Extra Fancy Jonathan, wrapped and packed in standard boxes. 
Other researches ‘(f, 8) pertaining to the application of ventilation as a 
control measure in Jonathan, showed that circulating the storage- 
room atmosphere and using ventilated containers did not give con- 
sistent results. The results of further studies on the effect of aerating 
storage rooms and the use of open containers ere given in table 11. 
Each lot of fruit consisted of a quantity equal to a standard apple box. 
The fruit was of Extra Fancy grade and was medium in size. The 
type of open basket used is shown in figure 6. 

With one exception all of the eight boxes under air movement devel- 
oped more soggy break-down than the boxes in the iinaerated room. 
A comparison of the efficiency of the open-wire-basket method of 
storing under moving-air conditions with the conventional apple-box 
method in a room with still air showed in six of eight instances more 
break-down in the wire-basket containers. When open and standard 
containers both under aeration were compared, conflicting results 
were obtained. 


Table 11. — Efect of aerating storage rooms u^on the 'percentage of soggy break-down 
occurring in Jonathan and Grimes Golden apples stored at S0° and S$^ F, in two 
types of containers, season 


Variety and storage temperatiire ('’i’.) 

Picking 

date 

Delay 

before 

storing 

Break-down in storage 
room, air artificially 
circulated 

Break- 
down ill 
storage 
room, air 
not circu- 
lated, 
apples 
wrapped; 
in standard 
boxes 

Apples not 
wrapped; 
in open- 
mesh wire 
baskets 

Apples 
wrapped; 
in standard 
boxes 

Jonathan, 32. 

'Sept. 18 

Sept. 24 

Sept. 29 

.Oct. 4 

Days 
/ 2 

1 ■ 8-''i 

f 2 

8' 

[ ' ■' . 4 

1 7 

{ 1 

{ 

Percent 

0. 0 

52.0 

14. 0 

68.7 

24.0 
9.6 

23.7 
35.3 

16.1 
13.6 
12.2 

2.5 

Percent 

6,4 

09.8 

14.9 

48.6 
31. 3 

2.3 

16.6 ' 
26.0 

67.8 ' 
00. 3 
73.6 

67. 9 

Percent 
\ 0. 0 
63. 2 
4.1.' 
35.0 
8.4 
3.0 
'.9 
18.8 

Grimes Golden- 

30 .... ... 

32.. 
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Strikingly different results were obtained with Grimes Golden at 
30° and 32° F. In all instances the wrapped fruits in standard boxes 
developed more soggy break-down than those in open-mesh baskets. 
It should be noted, however, that the Grimes Golden in the open 



Figiiee 6.-— Method of storing Jonathan apples in wire baskets in aeration studies. Fruit in these baskets, 
under continuous atmospheric movement and at the same temperature, became more severely affected 
with soggy break-down than wrapped fruit in standard boxes in rooms without atmospheric movement. 
Dissimilar results were obtained with Grimes Golden. 

baskets were somewhat shriveled at the end of the experiment, al- 
though not sufficiently so to affect their market value. The Jonathan 
fruits were not noticeably shriveled. The results tend to confirm 
those reported by the writers in an earlier experinient {15), in which 
storing Grimes Golden in open-wire baskets gave complete control 
of soggy break-down. 
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TliB coniparisoB of fruits in opon and closod coiitaiiiois with and 

without circulating storage-room atmosphere is not comprehensive 
enough for final conclusions. It may reasonably be expected, how- 
ever, that the methods of storing and aerating used wdl not control 
soggy break-down in Jonathan. The results with Griines Golden give 

more promise, altliougli complete control wms not obtained. 

OTHER ETIOLOGIC FACTORS 

Throughout the course of the investigations reported above, certain 
other etiologic factors of soggy break-down have received considera- 
tion. These include the effect of (1) fruit color, (2) nitrate fertilizers, 
(3) climatic conditions, and (4) size of fruit. Studies ol all of these 
factors are not complete and final conclusions cannot be given. 


Table 12 . — Effect of degree of fruit color upon the percentage of soggy hreak-^down 
occurring in Jonathan and Northwestern Greening apples ^ during storage at 
different tempera t ures 



Picking date 

Storage 

Color designation ^ 

i 

, Stored iinniedi- 
ately 

Storage deferred 

2 weeks 

Variety 

temper- 

ature 

ApplevS 

Break- 

dowui 

AiKiles 

Break- 

down 


1 

° F. 

rHigh.... 

Number 

IM 

138 

Percent 

8.2 

NumMr 

138 

Percent 

21,7 



f 30 

ILow _ - 

0 

150 

113 

10. 7 

Jonathan - 

Oct. 2, 1928 

1 

\ 32 

fHigh 

IK) 

138 

1 8 

16. 8 


0 

0 

149 

138 

8.1 
5. 1 


1 34 



150 



ILow 

113 

0 

110 

3. 6 



r 30 

/Yellow 

217 

54. 3 




1 Green. 

288 

16. 0 



Northwestern Greening... 

Sept. 24, 1925 

\ 32 

/Yellow 

151 

84. 1 



1 Green 

255 

30.9 





1 34 

/Yellow 

173 

74. 6 
36. 4 





(.Green 

250 











1 Date of e-xamination, March 1 each year. Apples in oiled wraps in single boxes. 

2 The term “high color” for Jonathan indicates fruit completely colored or with lOO-percent color; “lov\’ 
color.” fruit 25 to 50 percent colored. In the case of Northwestern Greening, the yellow fruit; was a dee]) 
golden yellow, the green about an apple-leaf green. Both yellow and green fruit were selected from the 
same trees on the same day. 

Some effects of the degree of color of the fruit on susceptibility are 
given for Jonathan and Northwestern Greening in table 12. The 
results for one season suggest that color may influence susceptibility 
to some extent. Jonathan with 100-percent color .in storage at 30® 
was less resistant than fruit with only 25- to 50-percent color. In 
Northwestern Greening at all three temperatures, fruit of full yellow 
color was much more susceptible than leaf-green fruit. However, the 
green fruit was not entirely resistant. In other experiments witb 
Grimes Golden and Golden Delicious the writers have noted that 
green fruit was often more resistant than well-colored, fruit, but not 
invariably so. 

The results of 3 years’ work on the influence of nitrogenous fer- 
tilizers on soggy break-down have been published and while 

further studies have been made, the results merely confirm those 
already reported. In the earlier work (IB) it was found that in wet 
years nitrate fertilizer seemed to increase susceptibility considerably 
in both Grimes Golden and Jonathan, but not in the 2 subsequent 
dry years (1930 and 1931). Similar experiments during 1932 and 1933 
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in four different orchards, with Grimes Golden, Jonathan, and Golden 
Delicious, have shown no further consistent increase in susceptibility 
of these varieties when the trees were fertilized with nitrate of soda. 
However, the continuous abnormal growing conditions from 1930 to 
1933 resulting from high temperatures and drought, should be con- 
sidered in interpreting the results, for under such conditions apples 
become more resistant. Drought conditions made it necessary to 
discontinue the study in 1934. In view of these facts, the writers do 
not consider the question of the relationship of nitrogenous fertilizers 
to the liability of apples to soggy break-down adequately answered. 

In most of the varieties that are susceptible to soggy break-down it 
has been observed that the size of the fruit is of little consequence. 
In the majority of the tests the apples were sorted according to size 
before they were packed, so that the size factor has been definitely 
under observation throughout. The results to date indicate that 
small apples are fully as liable to soggy break-down as large ones. 
The one exception thus far noted is Northwestern Greening. The 
results of experiments with two size classes of this variety are recorded 
in table 13. The size class 64 to 104 proved to be much more sus- 
ceptible than class 113 to 150. The differences noted between large 
and small fruit can probably be explained on the basis of maturity, 
since large Northwestern Greenings are generally considered to be 
more advanced in maturity on the tree than small Greenings. The 
range in size in this variety averages wider than most varieties. Large 
Northwestern Greenings, then, appear to be more susceptible to 
soggy break-down than small. 


Table 13. — Effect of fruit size upon the percentage of soggy break-down occurring in 
Northwestern Greening apples ^ during storage ai different temperatures^ season 
1928-29 


Lot No. 

Delay at 
50® F. be- 
fore stor- 
ing 

Break-down in large fruit (sizes 
64 to 104) 2 

Bi’eak-down in small fruit (sizes 
113 to 150) 2 

30® F. 1 

32® F. 

34® F. 

36® F. 

30® F. 

32® F. 

34® F.' 

36® F. 


Bays 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 



0 

62.8 

57.5 

48.5 

6.3 

46.3 

28.8 

10.4 

8.7 



7 

15,9 

12.8 

12. 5 

2.0 

5.1 

8.9 

0 

0 

3 

14 

21.6 

1.0 

5.8 

1.9 

4.9 

■ 2.4 

.8 

0 

4„ 

21 

3.8 

.7 

2.9 

5.3 

2.4 

2.4 

0 

.8 


1 Date picked, Oct. 20; date of examination, Mar. 22. 

^ Various treatments resulted in no break-down in common storage. 


THE PERIOD OF DEVELOPMENT OF SOGGY BREAK-DOWN 

The development period of soggy break-down in Grimes Golden 
was reported in an earlier publication {15) to extend approximately 
from December 12 to Tebruary 15. The disease developed rapidly 
between January 11 and February 15, but there was no subsequent 
development up to May 12. 

The method of storing Jonathans in open wire baskets, described 
above, afforded an opportunity to note the periodic development of 
soggy break-down in this variety. The fruit in the open wire bas- 
kets used in the aeration experiment (table 11) was carefully inspected 
at weekly intervals in the storage room to determine the initial appear- 
ance and the severity of the disease in all lots under treatment. The 
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data obtained (table 14) show that the dates of first appearance of 
the disease in the different baskets ranged from November 20 to 
January 3. It is evident, therefore, that soggy break-down may 
appear as early as 2 months after storage. Early appearance of the 
disease and high susceptibility seem to be associated. 


Table 14. — Date of initial appearance and maximum percentage of soggy hreaJe- 
down attained in Jonathan apples in open wire containers when stored immediately 

and after 1 weeWs delay, at S2^ F., season 1923—24 


Lot number 

Picking 

date 

Break-down under im- j 
mediate storage 

Break-down when stor- 
age was delayed 1 week 

Initial 

appear- 

ance 

Maximum 

Initial 

appear- 

ance 

Maximum 

1 

Sept. 18 
Sept. 24 
Sept. 29 
Oct. 4 

None 
Dee. 3 
.__do 

Percent 

0 

14. 0 

i 24. 0 

23.7 

Nov. 20 
,.„do 

Percent 

52.6 
58. 7 
9.6 
35.3 

2 

3 - 

Jan. 3 
Dec. 3 

4- 

Dec. 18 



Other studies with Jonathan have indicated that the^ period of 
development terminates toward the end of the commercial storage 
period- For example, published data (13) show that very little break- 
down developed between February 17 and April 1 in 1920, or between 
January 28 and March 28 in 1921. Other observations (table 15) 
sho-w no development after January 26 in 1924, and still others show 
practically none after February 1. The period of development of 
the disease in Jonathan terminates rather abruptly, as it does in 
Grimes Golden. Although less is knowm of the period of develop- 
ment in other varieties, there are indications that it is similar to that 
of Grimes and Jonathan. 

Further evidence that soggy break-down has a definite period of 
evolution in Jonathan was obtained by observing the increase in 
area of diseased tissue in marked specimens. On November 15, when 
break-down was first noted, 100 Jonathan apples were removed from 
storage, the affected portions were outlined with a sharp-pointed, 
moistened indelible pencil and the fruit was then returned to stor- 
age. The method of outlining the diseased areas and the progressive 
development from November 15 to December 3 are shown on two 
typical specimens in figure 7. In no case did the diseased areas expand 
after January 1. 


Tablb 15.- — Extent of soggy hreak-down in Jonathan apples, stored at F. after 
different periods df delay; examined on Jan. W and Mar. 12, 1924 


Lot 

No. 

Picking 

date 

Apples 

Delay 

before 

storing 

Break-down 

on— 

IjOt 

No. , 

Picking 

date 

Apples 

Delay 

before 

storing 

Break-down 

on— 

Jan. 26 

■■ 

Mar. 12 

Jan. 26 

Mar. 12 

1 

'Sept. 30 

Number 
f 688 

J 652 

1 663 1 

[ 651 

/ 639 : 

L 651 

Pays 

1 

7 

14 

21 

1 

7 

Percent 

10.2 

8.6 

3.0 

0 

18.3 

.3.4 

Percent 

0 

0 

0 

0 

0 

0 

7 

}oct. 7 

Oct. 11 

Num.her 
f 676 

1 675 

f 688 

i 626 

] 651 

1 676 

Days 

: ■ ' 14 

21 

1 

, , 7 .1 

14 

21 

Percent 

.3 

0 

4.8 

2,9' 

1.7 

0 

Percent 

0 

0 

0 

0 

0 

0 

2 

8 

3 

4 

10 ... „ 

,11 

12.,... 

5 

6 

•Oct. 7 
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On January 14 of the same season 500 diseased Jonathan apples 
were marked and immediately returned to cold storage. An exam- 
ination on February 15 revealed no further increase in the marked 
areas. It is recognized that the conditions to which the marked 
apples were subjected were not the same as those of other fruit kept 
continuously in storage containers. However, the results indicate 
that the advance of soggy break-down may be easily checked and 
that this disease has a rather definite period of development. In the 
latter respect it differs from apple scald, Jonathan spot, and mealy 
break-down, which continue to develop before and after the fruit is 
removed from storage. This information is of interest to commercial 



Fioxtre 7.™J6nathan apples marked to show development of soggy break-down. Affected areas did not 
increase in size from December 3 to April 3. Apples were put back into cold storage immediately after 
marking. Typical external appearance of soggy break-down of Jonathan. (See fig. 1 for internal appear- 
ance of soggy break-down.) 


storage operators and growers who may naturally suppose that most 
storage diseases of apples increase progressively in severity as the 
storage period is prolonged. 

DISCUSSION 

The observations recorded on the effects of picking maturity and 
delayed storage suggest that soggy break-down in apples may be 
associated with the stage of metabolism attained by the fruit at the 
time it is stored. Further evidence of this is brought out in the 
respiration studies of Harding (J, J) on large samples of Grimes 
Golden, and the storage studies carried out concurrently on similar 
fruit by Plagge (i I). Harding found that respiratory activity in 
Grimes Golden accelerated rapidly at 50° F. during the first few weeks 
after picking. If actively respiring fruits of Grimes Golden were 
stored at 30°F., they subsequently became highly susceptible to soggy 
break-do wm; but if the fruits were stored before a high respiratory 
level was attained, or after it had subsided, they were resistant to the 
disease. ^ When the fruit was stored at 36°F., regardless of its respira- 
tory activity, it was resistant. 

Other evidence that the stage of metabolic activity is important is 
shown by the results of many storage experiments with Jonathan and 
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Grimes Golden. In earlier experiments (13) with Jonathan, the 
writers observed that apples which had become severely affected with 
Jonathan spot were only slightly susceptible to soggy break-down. 
More recent studies confirm these observations. Jonathan fruits 
delayed 2 to 3 weeks before storing develop much spot and little or 
no soggy break-down, while those stored more promptly develop little 
Jonathan spot but more break-down. Jonathan apples susceptible to 
spot have already attained a high metabolic rate when stored, since 
this disease is closely allied to senility. Fruit that is susceptible to 
soggy break-dovn, therefore, is probably not so far advanced in its 
respiratory cycle when stored as that which is susceptible to Jonathan 
spot. 

Similarly, a study of the tendency of Grimes Golden to apple scald 
and soggy break-dovm yields evidence that the stage of metabolism 
on the clade of storage is nidicative of its susceptibility to soggy break- 
down. In studies (J, 11) in winch respiratory activity in Giimes 
Golden was shown to be closely correlated with break-down siiscepti- 
biiit}^ break-down fruit was not affected with apple scald, or vice 
versa. This was observed a number of times with Grimes Golden 
and other varieties, and recently Brooks and Harley (2) have called 
attention to a similar result with Grimes Golden. 

The results with Winter Banana further indicate that delayed stor- 
age ma^^ give different results in different seasons, and that no rule can 
be forniulated as to the extent of delayed treatment that will result in 
maximum susceptibility. 

The results of the storage-temperature studies over a period of 
years emphasize the need for raising slightly the apple storage tem- 
peratures used in commerce. Experiments year after year have shown 
that susceptible varieties store satisfactorily at 36^ F., and that 
similar fruit may be severely affected with soggy break-down ■when 
the temperature is lower. Some may prefer to emphasize prompt 
storage rather than change the temperature, but such a practice is 
not always possible, and it will not serve as a satisfactory remedy in 
all cases, or even consistently in a few. The alternative is to store 
apples at 35^^ to 36° F. instead of at the conventioiial 31° to 32° range. 
Other reasons for making this change in the storage temperature were 
presented in an earlier publication (/7). 

Results of aeration studies with Jonathan, in which the storage- 
room^ atmosphere was kept continuously in motion around wrapped 
fruit in closed boxes, as w^ell as around unwrapped fruit in mesh-wire 
baskets, offer little hope that circulating the storage-room atmosphere 
would be of value in the control of soggy break-down. Although 
some beneficial results from aeration methods have been recorded, it 
is believed that these may have follow' ed from the more rapid rates of 
cooling in open containers and aerated storage rooms, with the net 
result of a changed metabolism, or from the resulting more even tem- 
perature control rather than from the removal of products of respira- 
tion. Whitehouse (21) pointed out that 160 hours (6K days) was 
required to cool the center of a box of wrapped apples to 34° from 70° 
wdien the room temperature was 32° F., and that imvrrapped fruit in 
boxes cooled more rapidly than wrapped. Moreover, a difl'erence in 
time of only 3 days in the rate of cooling may markedly change the 
break-dowm susceptibility, especially when apples are in a Iffgh 
metabolic state. 
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Tlie removal of certain harmful products of respiration deserves 
some consideration^ particularly in the light of recent studies by Kidd 
and West (7), who point out that a toxic substance (probably ethylene) 
from ripe applies accelerates respmatory activity. But in the experi- 
ments described above Jonathan fruits sometimes developed more 
break-down in open containers than in closed boxes, and more in closed 
boxes under moving air than in still air. In these experiments, recircu- 
lating the storage-room air would probably not remove from the 
apples small traces of certain gases such as ethylene. 

SUMMARY 

Experiments carried on over a period of years on the effects of various 
causal factors of soggy break-down in apples, including picking ma- 
turity, storage temperature, short and long prestorage delays, and 
aeration are reported. 

The maturity of the fruit on the picking date was shown to affect 
its tendency to break-down, but not always in the same direction for 
different varieties. 

Storing promptly after picking frequently caused Jonathan, and 
usually Northwestern Greening, to be more susceptible to soggy 
break-down, while similar treatment of Giimes Golden, Wealthy, and 
Golden Delicious usually caused these varieties to be more resistant. 
Three seasons’ work with Winter Banana showed a response similar to 
that of Jonathan. 

With protracted delay before storing, i. e., from approximately 5 to 
10 weeks at 50^ F., Jonathan, Grimes Golden, Winter Banana, and 
‘Northwestern Greening exhibited marked resistance to soggy break- 
down. With similar treatment Golden Delicious developed more 
soggy break-down than the varieties just named, though it, too, 
tended to be resistant. 

Kesults with picking-maturity and prestorage-delay experiments 
suggest that susceptibility to soggy break-clown is associated with the 
stage of respiratory activity attained by the fruit at the time it is 
placed in storage. 

Continuous movement of the storage-room atmosphere either over 
packed boxes of wrapped fruit or over fully exposed unwrapped fruit 
was unsatisfactory as a control measure for soggy break-down. 

Studies on the periodic development of soggy break-down indicated 
initial and final dates of occurrence and a rather definite period of 
development. 

Jonathan with 100-percent color in storage at 30° F. was more sus- 
ceptible to soggy break-down than fruit of similar maturity having 
25- to 50-percent color. Northwestern Greening of a full yellow color 
was more susceptible than distinctly green-colored fruit. 

Of the varieties studied, Northwestern Greening was the only one in 
which large fruits were found to be more susceptible to soggy break- 
down than small fruits. 

^ Apple varieties from the same orchards in different years, and from 
different orchards in the same year, exhibit marked differences in 
susceptibility to soggy break-down. 

Investigations carried on for a number of years indicate that the 
most satisfactoz'j^ method of controlling soggy break-down in all 
susceptible varieties under all the conditions tested, is to store apples 
at 36° F. rather than at lower temperatures- 

■ ■ 3'i80a—37- 
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SOME PROPERTIES OF POTATO RUGOSE MOSAIC AND 
ITS COMPONENTS' 


By Donald Folsom, plant pathologist, and Eeiner Bonde, associate plant 
pathologist, Maine Agricultural Experiment Station 

INTRODUCTION 

Rugose mosaic was described by Schultz and Folsom (£0, £1,^) as 
one of several mosaic diseases of the potato (Solanmn tuberosum h.) 
at a time when the idea that one host might have more than one virus 
disease of the mosaic type was somewhat new. Since then plants 
affected with the rugose mosaic disease have been shown to contain at 
least two virusesj one of which may be called the pure rugose mosaic 



Figure l. —Connecticut Broadleaf tobacco plant showing, in leaf a, faint vein clearing resulting from infec- 
tion by pure rugose mosaic. 


virus (fig. 1). The other, which has been designated the latent virus, 
is pi*esent in practically all American potatoes, as can be shown by 
inoculating plants of certain other species of Solanaceae. (See figs. 
2 to 4 and also 3, p- S; 9, Jig. 3, B; 11, Jigs. £, A and 3; ££, Jigs. 4 and 44; 
17, Jig. 9). Vein banding, first described by E. M. Johnson (S, pj?. 
£99-300 and pi. X,Jig. i ) on Burley tobacco (Nicotiana tabacum h.), 
and later given as a symptom of rugose mosaic on Turkish tobacco 

1 Reesived for publication April 22, 1937; issued December 1937. 

2 Reference is made by number (italic.) to Literature Cited, p. 782. 
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{23, pis. 2, 3), is not a symptom of pure rugose mosaic on Connecticut 
Broadleaf tobacco or Green Mountain potato. By sonic recent writers 
the pure rugose mosaic component of rugose mosaic is referred to as 
the “vein-banding virosis/^ sometimes being designated as “vein- 
banding virus” and sometimes as “vein banding.” Rugose mosaic is 
said to be common and destructive in commercial potatoes in some 
regions p. 5), and has been found by the writers attacking many 
new seedling varieties in breeding plots. ^ 

Property studies were begun by the writers with the twofold purpose 
of increasing the information on Viroses, and developing simple physi- 



Figuee 2.— a, Connecticut Broadleaf tobacco leaf from, plant inoculated when young with juice from appar- 
ently Jiealthy Green Mountain potato plants; B, unmocuMed, healthy check. Photographed March 


cal and chemical tests for diagnosing potato viroses in local or imported 
lots of seed tubers. Several thousand plants in some hundreds of 
series were inoculated. 

Although these property studies are concerned primarily with 
rugose mosaic and its components, comparisons were made between 
rugose mosaic and several other more or less similar virus diseases, 
such as tobacco spot necrosis, potato streak, and potato mild mosaic. 

In potato plants of the Green Mountain variety in the normal 
Maine summer, the rugose mosaic disease is characterized by some- 
what diffuse mottling, distinct dwarfing, rugosity premature death of 
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the plant, considerable reduction in yield of tubers, ease of infection 
by artificial methods, and slowness of natural translocation of the 
virus through infected plants and tubers. 

' A sequence of symptoms of rugose mosaic, typical of certain condi- 
tions, should be mentioned. Leaf-mutilation inoculation of young potato 
plants often produces, 
as the first symp toms in 
Green Mountain pota- 
toes, in Maine, more 
necrosis than mottling. 

Streaking of veins and 
petioles and collapse 
and dropping of leaves 
occur at some distance 
above the inoculated 
leaves. The^ lower 
leaves, that is, the 
leaves below those that 
are subject to streak- 
ing and other forms 
of necrosis, show no 
symptoms, though 
their extract produces 
infection ; the upper or 
youngest leaves merely 
develop mottling (^, 
jig, I, D) IP jig. PB; 

20, pi. p C). Smith 
{22, pp. SI 1-314, (i^d 

fig. 50), describes sim- 
ilar effects produced by 
virus Y. Apparently 
the rugose mosaic 
virus, upon becoming 
generally distributed 
through the plant, af- 
fects the leaves differ- 
ently according^ to 
their age. Occasion- 
ally similar effects re- 
sult from the delayed 
dijffusion of the virus 
from the seed pieces of 
a tuber unit into grow- 
ing plants {21, pi. 8, C), 
and hills and branches 
often display such ef- 
fects as first symptoms. 

A similar sequence of symptoms may occur in Connecticut Broad- 
leaf tobacco. Vein clearing and necrosis (fig. 5) occur, as in the potato, 
as initial symptoms, in leaves above those inoculated. They some- 
times occur in the lower or proximal end of one leaf, in the middle of 
the next Mgher leaf, and in tlxe upper or distal end of the following leaf. 


Fiouee 3.— Gonnecticnit Broarlleaf tobacco leaf from plant inoculated 
when young with juice from apparently healthy Green Mountain 
potato plants. For different effects of the same inoculation, on a 
nother plant, see figure 2/1. and for healthy check see fig. 2, B. 
Photographed March 23, 1920. 
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(See also the following: 9, Jig. 6, B; 11, jig. A, B; 22, jig, 3; 23, 
Inasinncli as tlie first part of a tobacco leaf to become lull-iorined is the 
distal, and the last part the proximal, leaf tissues which display 

the initial vein-clearing 
symptom are probably 
in approximately the 
same stage of develop- 
ment. Older tissues 
show no symptoms 
and younger tissues 
are merely mottled, 
or even apparently 
healthy, especially as 
the plant grows older. 

Such a sequence in 
Connecticut Broadleaf 
tobacco infected with 
pure rugose mosaic 
(free of the latent mo- 
saic), isless conspicuous 
because there is less 
vein clearing and no 
necrosis (fig. 1). 

It is not known 
whether the difierence 
in severity of symp- 
toms in leaves and 
parts of leaves of dif- 
ferent ages in these 
tests was due to a dif- 
ference in the amount 
of virus that developed 
or to a difference in 
reaction to similar 
amounts of virus. Ac- 
quired immunity could 
hardly be the explana- 
tion, though it might 
account for the absence 
of severe symptoms 
upon reinoculation of 
rugose mosaic potato 
plants that are dis- 
eased through virus 
perpetuation by the 
tubers I^rice (191 has 

Figure 4.— Connecticut Broadleaf tobacco leaf of plant infected with ^4? 

latent mosaic from apparently healthy Green Mountain potatoes. prCSenijeCl CVKience OI 
Note the incraasing severity of the symptoms from the distal and q nmiirprl iTn-mnni t v i n 
oldest end of the leaf, to the proximal end, acquiieu iXimiumuy m 

tobacco propagated 

vegetatively after infection by a tobacco ring spot virus wiiich was 
then found to be present in smaller amounts than in the leaves that had 
been inoculated artificially and showed the severest symptoms. 
However, in the case of rugose mosaic it is not the inoculated leaves 
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that show the severest symptoms, but rather some of those infected 
through systemic spread of the virus. 

Potato extract often had an immediate and direct toxic effect upon 
tobacco leaves. This effect was more pronounced when rugose mosaic 



Figure S.—Oonnecticut Broadleaf tobacco plant showing vein clearing and rugosity in three younger leaves 
and collapse in one leaf, resulting from infection by rugose mosaic, a composite of pure rugose mosaic and 
latent mosaic. 


was present in the potato plant that supplied the inoculum, but it 
could not be used as an indicator of rugose mosaic infection. It 
consisted of puckering, chlorosis or bleacliing, and collapse and drying 


770 


Journal oj Agricultural Research 


Vol. 55, no. 10 


of the interyeinal tissue, all limited to the vicinity of the place of 
inoculation. It was prevented by filtration through a Berkefeld N 
candle even when the filtered extract caused rugose mosaic infection. 

SOURCE OF INOCULUM AND CHOICE OF HOSTS 

The usual source of inoculmn was stock of the Green Mountain 
potato that had been perpetuated in tuber-unit disease-maintenance 
seed plots from the time that it was selected as typical of rugose 
mosaic potatoes. Tobacco plants, after infection by artificial inocu- 
lation, were used to some extent as a source of inoculum. ^ 

Inoculated plants were usually of the Green Mountain variety of 
potato, the Connecticut Broadleaf variety of tobacco, or jimsonweed 
(Datura stramonium L.), Tobacco was more susceptible to rugose 
mosaic than potato. Jimson\veed was not infected by the pure rugose 
mosaic component, but was ideal for testing properties of the latent 
mosaic component (17, 

Less satisfactory preliminary results were obtained with plants of 
the Bonny Best variety of tomato (Lycopersicon esculentufn Mill.), 
nightshade or wonderberry {Solanum nigrum L.), husk-tomato or 
groundcherry (Pkysalis pubescens L.), and apple-of-Peru (Nicandra 
physaLodes (L.) Pers.). 

Tomato, when infected with rugose mosaic as proved by inoculation 
back to potato, showed symptoms similar to those produced by the 
latent mosaic. Nightshade was mottled by the latent mosaic and, 
when rugose mosaic was present, showed more conspicuous mottling 
in addition to wrinkhng^ and leaf dropping. Husk-tomato, when 
infected with rugose mosaic, was more wrinkled and rugose than when 
infected with the latent mosaic alone. ^ Apple-of-Peru was dwarfed 
and blotched by the latent mosaic, and in addition was dwarfed, mot- 
tled, chlorotic, and wrinkled when infected with rugose mosaic. 
Plants of (JPhaseolus mlgaris L.) were immune to both rugose 
and latent mosaic, or at least did not become infected when inoculated 
by the leaf-mutilation method. 

METHODS OF INOCULATION 

The leaf-mutilation method was most satisfactory for inoculating 
potato plants. The young leaves of plants about 10 cm high were 
rolled between the palms of the hands until they were considerably 
bruised, and they were then painted with the inoculum, in the form 
of expressed juice, by means of a cotton swab held in flamed tweezers. 
Sometimes the juice was applied with the fingers and sometimes it 
was poured onto the bruised leaves. 

For inoculating tobacco and jimsonweed, the simplest method was 
satisfactory and consisted of using two new wooden pot stakes from 
those to be used in marldng the plants of the series. One stake was 
used to support the leaf and the other to paint the inoculum upon 
the leaf surfaces (dorsal and ventral) and to bruise the leaf somewhat. 
Normally the three largest leaves were inoculated when the plant 
had six leaves a centimeter or more in length. 

If inoculum was scarce, instead of the stake-painting method a 
diseased leaf w^as used, either as picked or after having been pulped 
in a mortar. The inoculum was held in flamed tweezers and the 
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inoculated leaf was supported with a flamed Imife. A slice of tuber, 
used in this way, was not so effective as leaf tissue. 

Other methods tried and found less satisfactory were painting with 
a soft brush, pricking with a needle, and cutting, pruning, or stabbing 
with a knife, each in addition to appl 3 dng the inoculum. After a 
finger-painting method had been used, washing the fingers with soap 
did not make them noninfectious to jimsonweed, although it did to 
tobacco and husk-tomato. This confirms the conclusion of Fernow 
{5) as to the unreliability of soap and water as a virus disinfectant. 
Inoculation of stems and roots was less effective than inoculation 
of leaves. 

In the greenhouse, where some potato plants and all plants of other 
species were inoculated, the temperature usually , was held at 18° 
to 24° C. by thermostatic control. 

When potato plants w^ere inoculated, there was usually a control 
series that contained plants representing the respective tuber units 
to which the inoculated plants belonged. However, this proved to 
be an unnecessary precaution. Sometimes the tubers of inoculated 
plants were saved and planted and the second generation of plants 
observed, but when young plants were inoculated with rugose mosaic 
this was found to be unnecessary. 

The control series developed very little uncontrolled or chance 
transmission, either in greenhouse or field. 

INFECTIVITY OF THE VIRUS 

INOCULUM FROM DIFFERENT ORGANS 

Confirmation was attempted of a previous result obtained in testing 
different parts of the potato plant, namely, that the infectiousness 
of the rugose mosaic virus seemed to be correlated with the amount 
of chlorophyll present {21 ^ p, 507), In one new experiment, extract 
from leaflets or from petioles and stems was completely effective on 
potato, while extract from colorless sprouts or seed tubers infected 
only one-sixth of the plants inoculated. In a second experiment, 
extract from the foliage was completely effective on potato, extract 
from colorless sprouts or seed tubers infected five-twelfths of the 
inoculated plants, and extract from roots infected only one-sixth. 
When seed tubers were greened by exposure to light, the amount of 
greening was not correlated with variations in infectiousness of the 
extract. However, clarifying extract from foliage by appropriate 
filtration sometimes reduced infectiousness. 

McKinney (15, p. 35) found the concentration of virus in mosaic 
tobacco to be much greater in leaf extract than in stem exti'act. 
In potatoes affected by spot necrosis, which is about the same as 
rugose mosaic, Valleau and E. M. Johnson {23^ p. 484) found colorless 
sprouts noninfectious while the green leaves were highly infectious, 
Matz (15) reports lower rates of infectiousness by sugarcane mosaic 
from extract of white tissues than green tissues of the same shoots. 

age of plant supplying the inoculum 

Inoculum was secured July 21 to 31, about midway between planting 
and harvesting, from rugose mosaic potato plants grown in the field. 
Such inoculum was more infective than Tnoculum secured previously 
or subsequently. Further, inoculum from young plants infected all 
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inoculated plants, and. symptoms appeared in 14 to 20 days. With 
inoculum from leaves midway along the stem of old plants 4 leet 
long and dying, 80 percent of the inoculated plants were infected and 
symptoms first appeared in 31 days. Inoculum from dry leaves of a 
plant dying 2 days previously from old age produced no infection. 

In several comparisons, the age of tobacco plants with rugose 
mosaic had veiy slight if any effect upon the infectiousness of their 
extract when it was diluted with enough distilled water to reduce 
the proportion of extract to 10, 1, and 0.1 percent of the inoculum. 

Diseased tobacco leaves dried for 8 months were not infectious. 

AGING OF INOCULUM IN VITRO 

Usually extract, to be used as inoculum, was obtained by grinding 
the plants through a food chopper, collecting the pulp in gauze, and 
squeezing out the sap by hand into a glass or porcelain container. 
The extract was then stirred well and divided into equal portions, 
and these were allowed to stand, or ^'aged,^^ in vitro until used for 
inoculation. The important results of several illustrative comparisons 
are given in table 1 . 

Apparently aging in vitro often increased the infectiousness of 
rugose mosaic inoculum up to 4, 6, or 8 hours of aging, depending 
upon the series, while further aging decreased infectivity until it was 
lost. This loss in infectiousness required more aging at 5° C. than 
at 17® to 30®. At 30® the loss developed eailier with potato than 
with tobacco as the inoculated plant, occurring respectively before 
5 days and after 10 days. At about 23® for potato, infectiveness was 
lost in 3 days by one inoculum, in 4 days by another, and in 5 days by 
others, while being retained by one for at least 7 days. At 15® for 
tobacco, infectiveness was lost in 7 days. 

Increase in infectiousness of extract after a certain amount of aging 
in vitro has been reported for tobacco mosaic by Elmer (4), Olitsky 
and Forsbeck (f<^), and McKinney (14, 2^- 5)? for curly top by 
Bennett (f, table IS, second, ninth, and last sources). 

Mosaic virus of the latent type sometimes resisted aging slightly 
better than that of rugose mosaic, and aging was not an effective means 
of freeing pure rugose mosaic from latent. 


Tablsi 1 ." — Effect of aging, at normal and at low temperatures (° C.), upon the in- 
fectwity of rugose and latent mosaic extracts from potato and tobacco 


Series ^ 

Virus' ■ 

Source of in- 
oculum 

Plants inocu- 
lated 

Aging of in- 
oGulum 

Results 





[None 

' All hills infected, most com- 
pletely and severely with 4 
■ hours' aging. Symptoms ap- 
pearing later with 24-30 
hours’ aging. 

' All hills infected, most com- 
pletely and severely with 8 
hours’ aging. Delay of ap- 
pearance of symptoms, with 
24-30 hours’ aging, greater 
j than in series 1. 

All hills infected. 

Increased infection. 

1 Decreased infection progres- 

1 

Rugose mosaic. .. 

Potato 

Potato... 

4 hours 

8 hours _ 



1 ■ 

24 hours... 

,30 hours 

fNoTlft 

2 




4 hours 2. 

«^8 hours 3 

24 hours 
[30 hours 3... 
fNoUft 





8 hours 

■ 24 hours 1 

■ 2 days 





1 ,7 days 

j sively. 


\ Series 1-5 and 8 were in the field, and the rest M the greenhouse, at about 23° C. 
2 In suuligh t for at least 8 hours, for comparison WiUi series 1, kept in the dark. 
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Table 1.— ‘Effect of aging y at normal and at low temperatures (° C.), upon the in- 
fectivity of rugose and latent mosaic extracts from potato and tobacco — Contd. 


Series 

Virus 

Source of in- 
oculum 

Plants inocu- 
lated 

Aging of in- 
oculum 

Results 





/Noha 

|No difference; all hills infected. 





|2dfl.ys. .. 





|3 days 

Decreased infection. 

) 

4 

Rugoes mosaic 

Potato 

Potato 

days. 




fi days . 

[•No infection. 

All hills infected. 





8.5 days 

,11 days 

/None 





1 hour 





2 hours 

4 hours 

fi hours . 

[Most infection at 4 and 6 hours. 

5 

do 

do 

do 

8 hours 

R days 

1 

1 Infection with aging at 5° 
f but not at 17°, 23°, and 30°. 





a days 





7 days 





8 days 

1 No infection with aging at any 

1 temperature. 

Infection with aging at 5° but 
not at 30°. 





11 days 

17 days.. 

,38 days. 

5 days 

6 

do 

-—--do 

do 






13 days 

No infection, 

[Infection decreased with aging 

1 at 30° as compared with 6°. 





5 days 

7 

do 

__>>.do 

Tnhncco 

■^7 days. 





10 days 

None.. . 

8 

do 

do 

Potato. 

2 hours 

4 hours 

6 hours 

8 hours 

,5 days 

Infection increased up to 4-6 
> hours, decreased in 8 hours, 





1 lost at 5 days. 

9 

do 

do 

do 

17 da vs 

Infection with aging at “6°. 

] 





days_ 





7 days. 

[No infection with aging at 20°. 

88 percent infected with aging 
at —18° in frozen shoot. 

No infection with aging at 5° 
but all infected with aging 
at —7°. 

33 percent infected with aging 
at —7° in frozen shoot. 

No infection with aging at —7° 
in frozen shoot. 

All infected with aging at —7° 
in frozen shoot. 





10 days 

8 days.. _ 

10 

do 

-.--.do 

Tnhflpno 

< 17 days 





20 days...... 

,36 days 

11 

Latent mosaic 

do- 

Jimsonweed 

17 days 

[None 





1 hoiir 






2 houns ... 

All infected, most with symp- 
toms in 13 days. 

All infected, minority with 
symptoms in 13 days. 

VAll infected, none with symp- 
/ toms until after 13 days. 

1 

3 12 

Rugose mosaic . . . 

do 

Tnbaono 

3 hours 

4 hours 

5 hours.-..-, 

6 hours 

7 hours 

8 hours 

day 







2 days. 





3 days 

[Majority mfected. 





4 days,. 





5 days 

)■' 





fi davs . 

Minority mfected. 

1 





7 days 





8 days 

[None infected. 





9 days 





10 days — . 

1 


3 Aging at about 15° C. 

Aging in potato extract in Titro usually inactivated rugose mosaic 
inoculum within a few days, according to James Johnson {9, table II) 
and James Johnson and Grant {10, table 7), both authorities finding the 
latent type persisting somewhat longer. Similar results are reported 
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by Koch (11, table 8)} Van der Meer (17, table 4) reported persistence 
of the latent mosaic for less than 6 days in- one test, and for nearly 
3 weeks in others. 

TEMPERATURE 

A common method of determining the so-called thermal death point 
of a, virus is to immerse a tubefiil of inoculum for a certain length of 
time in water maintained at a constant temperature. This requires 
frequent readjustment of the water bath, or the use of several baths, 
if a comparison is to be made of the effects of difierent temperatures 
on parts of the same inoculum. The writers heated a water bath 
gradually, removing and cooling the sublots of inoculum as the rising 
temperataire, registered by a thermometer in the inoculum, reached 
various points. Many such comparisons were made but need not 
be given here. The results of several typical comparisons are shown 
in table 2. 

Table 2. — Effect of high temperatures on infectivity of rugose mosaic inoculum, from 

potato 


Series 


1 1 Potato 


Plants Inoculated 


Temperature regulation. ® O. 


Raised about 10® every 8 min-, 
utes to. 


2 Tobacco. 


Raised about 10® every 4 min-J 
utes to. 


3 Potato. 


liaised to. 


4 Tobacco. 


Raised to. 


5 L.„„do. 


Raised to. 


Results 


[50 

60 

70 

,80 

50 

55 
60 
65 
70 
75 
80 
85 

loo 

45 

50 

56 
60 
65 
70 
[66 

65 
80 

,05 

/40 

45: 

50 

56 

60 

66 
l70 


Complete infection. 
Little infection. 

No infection. 

Do. 

Complete infection. 
Do. 

Do. 

No infection. 


Do. 

Do. 

Complete infection. 
Do. 

Do. 

No infection. 

Do. 


Do. 

All latent mosaic. 

.Do, 

80 x^ercent latent mo- 
saic. 

No infection. 

infection. 

Do. 

83 percent infected. 
Only latent mosaic. 


Complete 


nplel 

IJO. 


U Series i was in the field; the rest were in the greenbouse. 

Rugose mosaic virus usually was inactivated by raising the tempera- 
ture to 60° or 65° C., or by holding the temperature for 10 to 15 min- 
utes at 55°. Even with conditions apparently the same from series 
to series, the results were not alike. A higher temperature was re- 
quired for tobacco extract used on. tobacco than for transfers from 
potato to potato, potato to tobacco, or tobacco to potato. Exposures 
to temperatures just below those able to inactivate increased the time 
required for the first symptoms to appear and decreased the percentage 

3 He refers to vein banding, ring spot, ^d mottle; m a later publication he and Johnson state that “For all 
practical purposes, potato ‘rugose mosaic’ isdlue to the vein-banding virus” (12, p. I2), though actually 
including mottle or ring spot in addition (p.4n. 
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of plants infected; no change in the nature of the symptoms was ob- 
served. The results with pure rugose mosaic were much the same as 
with rugose. The latent mosaic present in rugose mosaic had a higher 
limit of tolerance, sometimes persisting to 90°. 

The thermal death point of rugose mosaic virus has been found 
by others to lie between 60° and 65° (P, pAl), 55° and 60° (iO, table 5), 
and 58° and 60° C. {11, table 7), all at 10-minute exposures to constant 
temperature. The corresponding limits of the latent mosaic were 
about 70° (P, p, 11; 10, table 3), 65° to 70° {11, table 7), and 70° to 75° 
{17, table 5). 

DILUTION 

Extract from diseased plants was diluted to various degrees with 
water of different kinds and with juice from healthy plants, with a 
resulting reduction in infectiousness, at least when a certain point of 
dilution had been reached. The results of the tests with diluted ex- 
tracts, from different sources transferred to one host or another, are 
given in part in table 3. These results are representative of a large 
mass of data which show in general that infectiousness was lost when 
the proportion of extract in the inoculum had been reduced to between 
10 and 1 percent by distilled water (in transmission tests from potato 
to potato in the greenhouse) ; to between 1.0 and 0.5 percent by healthy 
potato juice (potato to potato in the field); and to between 1.0 and 0.1 
percent by soft lake water and distilled water (potato to tobacco in 
the greenhouse). Some infectiousness persisted at 1.0 to 0.1 percent 
in series diluted with hard river and well water (potato to potato in 
the field) and with distilled water (potato to tobacco and tobacco to 
tobacco in the greenhouse). As the limit was approached, there was 
a decrease in the percentage of plants infected by inoculation and an 
increase in the time required to bring out the first symptoms. 

The latent mosaic was somewhat more persistent at the dilution 
inactivation point of rugose mosaic. 

As compared with the above inactivation point of about 0.1 percent, 
or about one one-thousandth, it is interesting to note that the in- 
activation points reported by others for rugose mosaic are about one 
one-thousandths {9,p. 11) and one five-thousandths to one ten- thou- 
sandths {11, table 9), and for the latent mosaic, one ten-thousandths 
{9, p. 11), one ten-thousandths to one one-millionths {11, toMe 9), 
and about one one-hundred-thousandths {17, table 6). 

The greater inactivating effect of healthy potato juice, as compared 
with water in series 2 and 3 of table 3, upon rugose mosaic, is similar 
to that reported by McKinney {14, table 5) for tobacco and cucumber 
extracts. 

The inactivation of tobacco mosaic virus by pokeweed {Phytolacca 
decandra L.) juice in vitro {14j P- 9) was found to hold also for rugose 
but not for latent mosaic, and pokeweed juice painted onto tobacco 
leaves several days before inoculation with rugose mosaic reduced 
infection below that obtained on water-painted checks. 
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Table 3.— Effect of dilution upon infectimty of rugose mosaic virus from potato 


Series * 

Plants inoculated 

Diluent 

Percent 
extract in 
dilution 

Results 

1 


River water 

100 

50 

20 

10 

All infected, 

1 Infection of all, but progressively 
j less severe. 


.do __ 

Well water. 

5 

2 

, 1 

50 

20 

10 

5 

2 

88 percent infected. 

20 percent infected. 

10 percent infected. 

|aii infected. 

All infected; majority incompletely. 
90 percent infected. 

3 ’ 


Healthy potato extract- - ^ 

1 

.5 

.2 

.1 

50 

20 

10 

5 

2 

70 percent infected. 

44 percent infected, 

20 percent infected. 

22 percent infected. 

90 percent infected. 

40 percent infected. 

30 percent infected, 

20 percent infected. 

33 percent infected. 

! 

1 

4 ' 

do 

Distilled water ■ 

1 

.5 

.2 

50 

10 

1 

11 percent infected. 
jNone infected, 

|a 11 infected. 

] 

S 

Tnhannn 

do ' 

.1 

.01 

50 

10 

1 

iNone infected. 

j-All infected. 

83 percent infected. 
jNone infected - 

60 percent infected. 

None infected. 

40 percent infected. 

jNone infected. 

6 

do 

do - < 

■ 

.1 

.01 

5 

1 

.5 

.1 
.05 
.01 
.005 
. 001 


I Series 1-3 were in the field; the rest were in the greenhouse. Series 2 and 3 were kept under similar con- 
ditions. 


FILTRATION 

Kugose mosaic potato extract filtered through Berkefeld N and V 
candles infected a small percentage of inoculated tobacco plants, but 
usually no potato plants. The percentage of infection was not in- 
creased by previously clarifying the extract by filtration through paper 
that had become coated with the gelatinous mass of crushed plant 
tissue, or filter slime. Neither was it increased by filtration under 
80 to 90 pounds’ pressure per square inch in a Hill pressure apparatus. 
Here the unfiltered sediment in the rubber bag enlosing the candle 
retained its full infectiousness, although exposed to the pressure indi- 
cated. (More than 75,000 pounds’ pressure was required to inactivate 
mosaic tobacco extract (7).) Clarification did not inactivate the 
extract, although sometimes it reduced infectiousness slightly. Of 10 
potato plants inoculated in the field with extract filtered under air 
pressure through a Chamberland B filter, 1 became diseased, possibly 
through uncontrolled natural infection. Of 18 potato plants inocu- 
lated in the greenhouse with clarified extract filtered through a Berke- 
feld V candle with suction that reduced the pressure to about one-fifth 
of an atmosphere, 1 became diseased. Siltration through a Berkefeld 
V candle had little effect on the infecfiotmess of latent mosaic extract. 
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CHEMICALS 

Each chemical to be tested was dissolved in water in a series of 
different concentrations in equal amounts of solvent. Then the 
solution at each concentration was combined with an equal amount 
of fresh extract. For example, to get a 5-percent concentration, a 
10-percent solution of the chemical was made up and added to an 
equal amount of the fresh extract. Thus the resulting mixture con- 
tained a 50-percent concentration of the extract and half the concen- 
tration of chemical in the original solution. The mixing was followed 
by inoculation within about 10 minutes. The order of mixing and 
inoculation was according to decreasing concentration of the chemical . 
The chemicals tested are representative of several important types of 
compounds, and are readily available, easily prepared for use, and for 
the most part, of recognized value as disinfectants or fungicides. 
The results are given in table 4. 

The lethal point of hydrochloric acid for rugose mosaic virus varied 
with conditions. It was between 0.07 and 0.2 percent in series 4 (in 
transmission tests from potato to potato in the field) ; between 0.2 and 
0.5 in series 11 (potato to potato in the greenhouse), in series 12 and 13 
(potato to tobacco in the greenhouse), and in series 14 (tobacco to 
potato in the greenhouse) ; and beyond 0.5 percent in series 15 (tobacco 
to tobacco in the greenhouse). However, the closeness of results 
probably was more remarkable, considering the different conditions, 
than the variation. The lethal point of sodium hydrate also varied. 
In the order of decreasing concentration needed to inactivate, the 
tested chemicals and their inactivation points were as follows; Ethyl 
alcohol (C2H5OH), over 50 percent; sodium chloride (NaCl), about 5 
percent or 1 to 20; formaldehyde (HCHO), about 0.5 percent or 1 to 
200; hydrochloric acid (HCl) and sodium hydrate (NaOH), respec- 
tively, about 0.2 percent or 1 to 500; and copper sulphate (CUSO4) 
and sulphuric acid cleaning fluid, respectively, about 0.1 percent or 
1 to 1,000. Prolonging the duration of exposure to the chemical to an 
hour did not shift the point much (series 17 versus 18), 


Table 4,- -Effects of chemicals upon injectivity of rugose mosaic virus from potato 

and tobacco 


Series ‘ 

Source of 
inoculum 

Plants inocu- 
lated 

Chemical 

Percent of 
chemical 

Results 





1 

[5 and less 

All infected. 

1 

Potato 

Potato. 

C 2 H 5 OH 


10 1 

Mostly infected. 

Some infected. 






25 and m 

2 

do 

do 


As in series 1 

As in series 1 . 

3 

do.. 

do 

HCHO 3 

2 and more. 

No infection. 






lo.m 

All infected. 

.4 



do........ 



do,. 

HCl 4,,., 

NaOH 


0.07 

10,2 and more 

ro.i 

20 percent infected. 

No infection. 

50 percent infected. 

No infection. 

All infected. 

5 

i 

i0.2 and more 

[0.1 to 1., 



1 

6 


do- 

NaCL,_ ,,,.j 


2 

50 percent infected. 

10 percent infected, 

80 to 100 percent infected. 

50 percent infected. 

No infection. 





Is 





1 

[0.004 to 0.2 - 

7 


-„,,._do.. 

HCHO.,.. 


0.3.......... . 




1 

[0.7 and more.-.. 


1 Series l“S were in the field; tlie rest were in the greenhouse. 

2 Gommercial “denatured" material was used in series 2. 

3 Percentages calculated on basis of actual HCHO; thus percent in terms of the 40'percent solution used 
w^ould be 5 and more. 

* Percentages calculated on the basis of actual HCl; thus each is only about two-fifths of concentration of 
the c. p. material used, with specific gravity 1.19. 

. g4,80g— 3T— 5 
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Table 4.— Effects of chemicals upon infectivity of rugose mosaic mnis from potato 

arid tobacco — Continued 


Series 

Source of 
Inoculum 

Plants inocu- 
lated 

Chemical 

Percent of 
chemical 

Results 





10.1 

80 percent infected. 

8 



CuS 04 

]o. 2 -.. 

No infection. 





Do. 




C 2 H 5 OH 


All infected. 

9 

do 

Tobacco 


13 percent infected. 

All infected. 




( 0.2 

10 

rln 


HCHO 

]o.5. 

40 percent infected. 

- 


HCl - 

ll and more 

/O.l to 0.2 

No infection. 

40 percent infected. 

11 

do. 

Potato --- 


No infection. 

All infected. 




12 

do 


HCl - 

J 0.2 

20 percent infected. 

No infection. 



I 0.5 






33 percent infected. 

13 

.....do 

do. 

HCi 


17 (jercent infected. 


lo-f) - 

No infection. 



Potato... 

HCL 

/O.l to 0.2 

All infected. 

14 

Tobacco 


No infection. 

60 percent infected . 




( 0.1 

15 

--,..do 


HCl 

io. 2 .. 

81 percent infected. 



I 0.5 

33 percent infected. 


Potato 

do 

NaOH 

/0.05 to 0.1 

AH infected. 

16 

1 n 0 

No infection,'' ; 

All infected. 




lU.i 

(0.05 

17 

: do - 



NaOH 


40 percent infected. 

60 percent infected. 

All infected. 


I0.2 

i 18 

do 

do 

NaOH 

fO. 05 to 0.1 


No infection. 

All infected. 

19 

Tobacco 

do.. 

do 

10.2 

/0.05 to 0.1 

10.2 

80 percent infected. 

All infected. 

14 percent infected. 

No infection. 




20 : 

Potato 

do 

NaCL 


] 



(16 





(O.l..,. 

17 percent infected. 

No infection. 

21 

do 

do 

GUSO 4 

40.2 - 



I0.5 to 1 

Plants killed. 





(0.05 to 0.1 

No infection except by latent 
component. 

No infection. 

22 

do 

do—. 

Cleaning fluid « . 

lo,25 to 2.5 

7 23 

do 

Jimsonweed.. 

do..— 

fO.05 to 0.1 

I.(atent mosaic. 

10.25 to 2.5 

No infection. 





0.01 to 0.1 

All infected. 

24 ^ 

do 

Tobaeco. 

do 

H „ 

No infection except by latent 
component. 

20 percent infected. 

All infected. 



1 

25 

.....do 

do... 

NaOH 

Jo,2 

10.5 - 


jNone infected. 





ll 








^ Same inoculum a$ for series 17 except mixed 1 hour before being used. 
® Made up 'with sulphuric acid and potassium bichromate. 

1 Series 22 and 23 were under the same conditions. 


The lethal point for the latent component did not difFer inucli Iroin 
that for rugose mosaic except for greater resistance of the latent to 
the toxic effects of formaldehyde and the cleaning fluid, 

James Johnson (9, p, 12) and Koch (if, taUe 10) report sinular 
results ^dth alcohol and HCHO. Van dor Meer also found alcohol a 
weak inactivator {17, table 7). Freeman (6) found that from rugose 
mosaic only the latent mosaic component could be recovered at pH 
4 to 5.5 and at 9.7 ; from pH 5.6 to 7.6 there was no inactivation, 
and at pH 3.6 or lower not even the latent component could be re- 
covered. 

COMPARISON OF RUGOSE MOSAIC WITH OTHER MOSAICS 

MILD, crinkle, AND LEAF-ROLLING POTATO MOSAICS 

Leaf-mutilation inoculation of bean plants with potato mild mosaic 
pd leaf-rolling mosaic extract produced no symptoms. Stake-painL 
ing inoculation of potato plants with p6tato mild mosaic extract did 
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not always infect and, when it did, produced late and therefore un- 
satisfactory symptoms. Similarly, unsatisfactory symptoms re- 
sulted on potato with the potato crinkle and leaf-rolling mosaics. 

TOBACCO MOSAIC 

Dried leaves from the laboratory of B. M. Duggar in St. Louis, Islo., 
from experiments of F. M. Blodgett at Cornell University, Ithaca, 
N. Y., and from a field in Connecticut, were used as the sources of 
tobacco mosaic inoculum which gave infection on potato plants. The 
symptoms were not those of a mosaic, but were rather like those of 
streak with some suggestion of blackleg, and included necrotic spotting 
and streaking of the leaves, streaking of the stem, leaf dropping, wilt- 
ing, and early death of the plant. These results agree with those re- 
ported by Fernow (5, table 21 and pL VII) and Blodgett (2). The St. 
Louis strain, used on jimsonw'Ced, caused a slight amount of spot and 
streak necrosis at first but soon became masked, though still present 
in virulent form as was shown by transfer back to tobacco. 

STREAK 

Although causing no mottling of Green Mountain potatoes, streak 
produced mosaic on tomato and Spaulding Kose potato plants, and 
when on tobacco, nightshade, and apple-of-Peru, was not to be dis- 
tinguished by symptoms from rugose mosaic. Jimsonweed, immune 
to rugose mosaic, also was immune to streak, and the raising of the 
temperature to 60® C. inactivated streak in vitro. The inactivating 
effects of pokeweed juice on rugose mosaic were duplicated in tests 
repeated with streak. These inoculation studies suggest that the 
streak virus is very similar to the virus of rugose mosaic. A tomato 
plant inoculated on February 3, 1927, and used for successful return 
inoculation to potato, was still vigorous on October 17, 1928 (fig. 6). 

TOBACCO SPOT NECROSIS 

Tobacco leaves infected with spot necrosis w^ere Idndly supplied 
the writers by James Johnson, of the Wisconsin Agricultural Experi- 
ment Station, and in Maine they produced a disease on greenhouse 
potato and tobacco very similar to rugose mosaic but somewhat more 
virulent and infectious, A second supply from Johnson consisted of 
both tobacco and potato spot necrosis leaves which were used on 
greenhouse tobacco in comparison with inoculum from Maine rugose 
mosaic potato. Here the tobacco-leaf inoculum was more infective 
and had a shorter incubation period than the other two inocula. How- 
ever, when the three newly infected tobacco series were compared by 
inoculating potatoes in the field, the strain received from Johnson in 
the potato leaves was the only on© that gave current-season symptoms, 
and it was less infectious than inoculum from field-grown rugose 
mosaic potato plants. Such effects of host upon infectivity are simi- 
lar to those reported by Johnson {PliaMe III), 

James Johnson stated J), in 1929, that after repeated attempts 
at correlation, he had concludea that his spot necrosis was identical 
with the rugose mosaic of Schultz and Folsom; that is, with the 
rugose mosaic used in the present comparisons. He also explained 
(^, p, 23) that ^fin previous literature from the Wisconsin laboratory 
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With potato streak ,ro» 

resulted m the death of the plants from str^ /.I Mountain Potato plants that 

also a mosaic, had spread through the planTand’^&y S tlTe rt‘aS' sueonmhftni. s®cond \.irus 
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referring to ^rugose mosaic’ of Triumph potatoes, this name should 
read 'crinkle mosaic’.” 

ATTENUATION AND INCREASE IN VIRULENCE 

The idea that a virus may increase in virulence is met many times 
in the study of mosaics, including those of potato. A tuber-propa- 
gated host would seem to be promising material from which to obtain 
evidence. In the writers’ experience, an apparent increase in viru- 
lence such, for example, as mild mosaic apparently becoming rugose 
mosaic, has occurred chiefly in proximity to plants already showing 
the more severe disease, under conditions favorable to transmission, or, 
of course, in plants inoculated experimentally with the more virulent 
type of the virus. Isolation in effective insect cages has prevented 
an increase of virulence of mosaic, even in stocks perpetuated for 
about 20 years. 

In greenhouse studies in Maine efforts to increase the virulence of 
latent mosaic until it resembled spot necrosis or rugose mosaic, by 
passage through as many as eight successive series of tobacco plants, 
have failed to bring about any change from one mosaic to the other. 
The symptoms of both kinds of mosaic vary. Leaf contact is some- 
times sufficient to transmit either mosaic. The general tendency in 
virology is toward longer lists of viruses for various hosts and longer 
lists of means of transmission of the respective viruses, so that the 
chance of uncontrolled contamination by a severer type, through an 
unsuspected agency, seems more reasonable than a spontaneous 
sudden increase in virulence. In a discussion of this problem, Johnson 
{9j pp. 18-21) states that 'The mottle form from healthy potatoes 
cannot ordinarily be changed to spot necrosis at will,” and points out 
the possibility of accidental transmission of spot necrosis as the cause 
of a sudden increase in virulence. 

Apparent attenuation of a virus often may be reasonably explained 
on the basis of (1) the elimination of one or more components of a 
composite or multiple virosis, (2) a decrease in the severity of symp- 
toms after the first have developed or (3) a decrease in the severity 
of symptoms with certain changes in environmental conditions or with 
increasing age of the host plant. 

SUMMARY 

Potato rugose mosaic is a composite mosaic which includes pure 
rugose mosaic, or the vein-banding mosaic, and latent potato mosaic 
When contracted by a partly grown potato or tobacco plant, rugose 
mosaic often affects leaves and leaf parts differently according to their 
age; some become necrotic; older ones show no symptoms and younger 
ones develop mottling. Rugose mosaic aggravated a toxic effect of 
potato extract upon tobacco; the effect was eliminated by Berkefeld- 
candle filtration. 

Rugose and latent mosaic were studied better on potato, tobacco, 
and jimsonweed than on tomato and several other species of the same 
family; bean w^as immune. 

The most satisfactory method for inoculating potato plants was the 
leaf-mutilation niethod, and the best for inoculating tobacco and 
jimsonweed was a stake-painting method. 
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Extract from grocn shoots was more infoctious than that from 
colorless sprouts j seed tubers, and roots of rugose mosaic potato plants, 
and was sometimes made less infectious by clarification. 

With rugose mosaic, the age of potato plants or their parts had more 
effect than the age of tobacco plants in determining the infectiveness 
of their extracts. Drying of leaves soon eliminated the infectivity. 

Aging in vitro for several hours progressively increased the infec- 
tioiisness of rugose mosaic extract; further aging progressively re- 
duced it, and under certain conditions the inactivation-point was 
reached in a few days. Infectiveness was inhibited later at low tem- 
peratures (5*^ C.), and later for tobacco than for potato as the in- 
ociilatecl host. The latent mosaic virus sometimes resisted aging 
longer than the pure rugose mosaic virus. 

Eugose mosaic extract usually was inactivated when the tempera- 
ture was raised to 60^ or 65° C., or when the temperature was held for 
10 minutes at 55°, but the thermal death-point varied with the species 
involved in the transfer and also with the series even when condi- 
tions apparently were similar. Pure rugose mosaic acted like the 
composite virus, but the latent component had a higher limit of 
tolerance. 

Eugose mosaic extract became inactivated at about 1 to 0.1 per- 
cent upon dilution with water. Healthy potato juice had a slightly 
greater inactivating effect than watqr. Latent mosaic was somewhat 
more persistent than nigose. Pokeweed juice inactivated rugose 
mosaic extract but not latent mosaic. 

The virulence of rugose mosaic virus was reduced considerably but 
not eliminated by filtering the extract through bacteria-retaining 
candles ; the latent mosaic virus was affected only a little by the process. 
Neither 80 pounds’ pressure nor clarification reduced the infectiousness 
of rugose mosaic extract more than a slight amount. 

Latent mosaic was more resistant to formaldehyde and a sulphuric- 
acid cleaning fluid than rugose, but was similar in its response to 
other chemicals. The lethal point of HCl for rugose mosaic varied 
with conditions, within the range of about 0.07 to over 0.5 percent. 
To inactivate, the strength of ethyl alcohol had to be greater than 
50 percent; of NaCl, about 5 percent; of HCHO, about 0.5 percent: 
of HCl and NaOH, about 0.2 percent; and of CUSO4 and the cleaning 
fluid, about 0.1 percent. 

Preliminary comparisons between mosaics on potato and other 
plants showed that the methods used for these property studies of 
rugose mosaic are unsatisfactory for mild, crinkle, and* leaf-rolling 
mosaics of potato. Tobacco mosaic can infect Green Mountain 
potato plants. Potato streak and tobacco spot necrosis both resem- 
ble nigose mosaic. 

Latent mosaic was not increased in virulence by eight successive 
passages through tobacco plants. 
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RESPONSE OF OAT VARIETIES TO DIFFERENT 
FERTILITY LEVELS ' 

By C. A. Lamb, associate in agronomy ^ Q,nd Robert M. agronomist, 

Ohio Agricultural Experiment Station. 2 

INTRODUCTION 

A 3-year rotation of corn, oats, and winter wheat has been grown 
at four fertility levels at the Ohio Agricultural Experiment Station 
at Wooster. Data were collected for all three crops, and those for 
corn and winter wheat have been published.^ The present paper is 
concerned with the oat crop in this rotation. 

The literature has been reviewed in the papers mentioned above, 
and repetition seems unnecessary. Suffice it to say that difierential 
response of varieties to fertility level in many of oAir common crops 
has proved significant, and that this interaction deserves careful 
study. 

OUTLINE OF EXPERIMENT 

The 3-year rotation of corn, oats, and winter wheat was laid out 
on three fields of Canfield silt loam of low fertility. The higher 
fertility levels were obtained by adding one, two, and four increments 
of fertilizing materials. Actual applications are given in table 1. 
The oats received no direct applications of fertilizers. 


Table 1. — Plot treatments at the 4 levels used in S-year rotation tests with 

corn, oats, and winter wheat 


Fertility 

level 

Treatment used for crop indicated 

Corn 

Oats 

Wheat 

A 

None.-- 

None.. 

None. 

200 pounds 2-14-4 in fall and 50 
pounds nitrate of soda in spring. 

400 pounds 2-14-4 in fall and 100 
pounds nitrate of soda in spring. 

800 pounds 2-14-4 in fall and 200 
pounds nitrate of soda in spring. 

B 

4 tons manure; 100 pounds 0-16-0 
broadcast and 100 pounds 4-12-4 
in hill. 

8 tons manure; 200 pounds 0-16-0 
broadcast and 200 pounds 4-12-4 
in hill, 

16 tons manure; 400 pounds 0-16-0 
broadcast and 400 pounds 4-12-4 
in hill. 

None. 

0 

None 

D 

None 




The four levels were set up on adjacent strips in each field and the 
varieties sown across them. Oats were planted in triplicate; the 
size of plot was 5)^ by 35 feet (0.00427 acre). The order of varieties 
in each replication was the same in 1929, random in the other 3 years. 
In all cases each variety was sown in a continuous strip across the 
fertility levels; thus the order of plots was identical on each level. 


1 Beeeived for publication June 1, 1937; issued December 1937. Contribution from the Department of 
Agronomy, Ohio Agricultural Experiment Station. 

^ The writers wish to acknowledge the help of G. H. Stringfleld, who, with E. M. Salter, setup the experi- 
ment. He selected the varieties and collected the data for the early years, and has offered helpful sugges- 
tions in the preparation of the manuscript. 

3 stringeteld, G. H., and Salter, R. M. differential response of corn varieties to fertility 
LEVELS AND TO SEASONS. Jour. Agr. Research 49: 991-1000, illus. 1934. 

Lamb, C. A., and Salter, R. M. response of wheat varieties to different fertility levels. 
Jour. Agr. Research 63: 129-143, illus. 1936. 
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PRESENTATION OF DATA 

SeTenteen varieties of oats were grown for four seaso.ns, 1929 to 
1932, inclusive. Table 2 gives the grain yield, stmv yield, and bushel 
weight for each variety-level-season unit. In figure 1 the average 
perforinaiice of all 17 varieties in each season has been plotted. 


TOTAL YIELD PER ACRE(POUNDS) 

OJ 



GRAIN YIELD PER ACRE (BUSHELS) 
ro 01 oi cr» *>4 OD 

o O 0 0 o O O 



BUSHEL WEIGHT (pounds) 



STRAW-GRAIN RATIO 



Figure 1 . Average response of 17 varieties of oats to four spil-fertility levels (A, B, C, D) dnrinK four 





Table 2.— Yield per acre and weight per bushel of 17 varieties of oats grown at 4 levels of soil fertility, WBU 
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24.8 

25.7 

19.0 
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Variety 

Burt- - 

Albion - 

Richland 

Fulghum 

Franklin.-- 

Gopher.--- 

Big Four 

Wayne 

Alarkton 

Afiami — 
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Average 
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Plots were cut with an ordinary grain binder, and uniform stubble 
was left on all levels. For this reason straw yields are relatively too 
low on the A level, where there was definitely less vegetative growth. 
The errors introduced by the unharvested stubble at the higher levels 
are of little importance. 

K study of figare 1 shows that there were marked differences between 
seasons. In 1931 the yields of both grain and straw were high; in 
1932 they were decidedly low. The influence of season must, 
therefore, *^be considered in interpreting the experiment. Table 3 gives 
meteorological data at Wooster for all four seasons. 


Table 3.- -Mean maximum and minimum temperatures and precipitation for 
Wooster, Ohio, during the growing season for oats, 1929-32 


Month 

Mean maximum 
perature 

tern- 

Mean minimum tem- 
perature 

Precipitation 

1929 

1930 

1931 

1932 

1929 

1930 

1931 

1 

1932 

1929 

1930 

1931 

1932 


^F. 

°F, 



^F. 

^F. 

°F. 

°F. 

Inches 

Inches 

Inches 

Inches 

April 

63. 0 

64.0 

61.6 

60.0 

40.4 

38.0 

35.2 

33.0 

5.58 

2. 23 

4. 10 

2. 55 

May 

70.6 

74.3 

70.2 

72.2 

44.8 

48.0 

44.6 

45.4 

4.84 

1. 59 

4.45 

1.93 

June — 

79.0 

84.1 

81.2 

82.6 

53.0 

53. 9 

54.3 

55.2 

4.10 

2. 86 

3.49 ; 

3. 44 

July.. - 

83.9 

90. 4 

89.3 

84.8 

59.3 

57.4 

61.9 

59.2 

6.79 

1.71 

2. 97 

3. 14 

August 

SO. 3 

86.0 

S3. 7 

85.6 

52.4 

55. 1 

59.9 

66. 0 

1.26 

2. 64 

4, 68 

2.01 


In 1929 there was a wet, relatively warm spring, followed by a dry 
period during the latter part of May and early June. Summer tem- 
peratures were not excessive, and rainfall was plentiful after mid- 
June. 

The season of 1930 was somewhat cooler in early spring, and warm 
in summer. Precipitation was lower in April and early May. Through 
the rest of May and in June and July the weather was very dry. 

In 1931 conditions were more favorable thanin other years. Distri- 
bution of rainfall was very satisfactory, and in spite of high tempera- 
tures in late June and eJuly oats yielded well. Test weight was low, 
however. 

The temperature in the spring of 1932 was not satisfactory, and pre- 
cipitation was low in May and early June. Oats made poor vegeta- 
tive growth and gave low yields of grain. 

ANALYSIS OF VARIANCE 

Analysis of variance by the method developed by Fisher ^ offered a 
satisfactory means of handling the data. To estimate odds for sig- 
nificance Snedecor’s F ® was used. 

Table 4 presents data from the analyses of total yield (grain+ 
straw) and of grain yield for each season. Variety, level, block, and 
the variety-level interaction were considered. Because of the smaller 
area of land in one of the fields, three varieties were sown in only two 
blocks in 1930. Calculations were made on the actual data, and 
again with estimated yields introduced for the 12 missing plots. The 
theoretical third replication was given the mean yield of the two 
actually grown. Such a procedure would be expected to give too low 

^ Fisher, R. A. statistical methods for eesbabch workers, Ed. 4, 302 pp., illus. Edinburgh aEd 
London. 1932. 

SNEDECOB, G. W. GALCITLATION and rNTERBRETATION OF VARIANCE AND COVARIANCE. 96 pp. AmcS, 
Iowa. 1934. (Iowa State Col.. Div, Indus. Sci, Monog. 1.) 
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an estimate of variance, but in tliis case it changed the F values very 
little, and the significance not at all. Any error introduced, therefore, 
had no practical importance, and the estimated plot yields were 
used because they permitted the analysis of data for all seasons to- 
gether with greater facility. 

T.VBI.E 4 . — Analysis of variance, by seasons, of total yield and of grain yield for 17 
varieties of oats groion at Jf fertility levels in 4 seasons 

TOTAL YIELD 


Sea- j 
son j 

Variance due to— 

De- 
grees 
of free- 
dom 

Sums of 
squares 

Vari- 

ance 

F 

1 per- 
cent 
point 
for E 1 

5 per- 
cent 
point 
forF ' 


! 

A^ariety 

16 

642. 54 

40.159 

15. 25 

2. 20 

1. 75 


1 

Level. 

3 

657. 59 

219. 197 

83. 22 

3. 94 

2.68 

f =13. 26 pounds. 

! 

Block 

2 

102.39 

51. 195 

19. 44 

4.78 

3. 07 

«T= 1.62 pounds. 

1929 

Variety-level interac- 









tion... 

48 

88.25 

1.839 

.70 

1.80 

1.50 

C. V. = 12.22 percent. 

j 

Error 

134 

352.94 

2. 634 






, Total 

203 

1, 843. 71 







('Variety 

16 

915, 18 

57. 199 

14. 22 

2.20 

1. 75 



Level 

3 

1, 594. 80 

531. 600 

132. 17 

3. 94 

2.68 

x= 13.54 pounds. 


Block 

2 

43.76 

21.880 

5. 44 

4.78 

3. 07 

o-=2.0l pounds. 

1930 

Variety-level interac- 









tion 

4S 

121.95 

2. 541 

.63 

1.80 

1. 50 

C. V. = 14.84 percent. 


Error... 

i 134 

[ 538. 91 

4. 022 






Total 

1 203 

3,214.60 







[Variety.—. 

16 

822. 74 

51. 421 

5.29 

2. 20 

1.75 



Level 

3 

5, 153. 23 

1, 717. 743 

176. 56 

3.94 

2.68' 

J= 19.66 pounds. 


Block 

2 

32.32 

16. 160 

1.66 

4. 78 

3. 07 

<t= 3.12 pounds. 

1931 

/Variety-level interac- 

48 

579. 69 

12. 077 

1.24 

I, SO 

1. 50 

0. V. “15.87 percent. 


tion. 









Error . 

134 

1, 303. 68 

9.729 






, Total 

203 

7,891.66 







[Variety 

16 

134.92 

8. 433 

11.91 

2.20 

1.75 



Level 

3 

399. 95 

133. 317 

188. 30 

3.94 

2.68 

5=8.42 pounds. 


Block 

2 

54. 43 

27. 215 

38. 44 

4. 78 

3.07 

cr=.84 pounds. 

1932 

, Variety-level interac- 

48 

21. 55 

.449 

.63 

1.80 

1.50 

0. V.=9.98 percent. 


tion. 









Error 

134 

94.90 

.708 






, Total 

203 

705. 75 







GEAIN YIELD 



[Variety. 


16 

3,861.01 

241.313 

11. 91 

2. 20 

1. 75 



Ijevel 


3 

4, 659. 80 

1,553.267 

76. 69 

3.94 

2.68 

.r=39.55 bushels. 


Block-- 


2 

1, 403. 19 

701.595 

34.64 

4. 78 

3. 07 

a- =4.50 bushels. 

1929 

Variety-level 

interac- 

48 

834. 37 

17.383 

.86 

. 1.80 

1. 50 

C. V, = 11.38 percent. 


tion. 










Error-- - 


134 

2, 714. 14 

20. 255 






\ Total-. 

203 

13, 472. 51 







[Varietj^ 


16 

6, 451. 46 

403. 216 

18.89 

2. 20 

1. 75 



Level — 


3 

11,225. 41 

3, 741. 803 

175. 30 

3. 94 

2.68 

j=4L94 bushels. 


Block---.— 


2 

325. 05 

162. 525 

7.61 

4.78 

3.07 

<r=4.62 bushels. 

1930 

Variety-level 

interac- 

48 

439, 09 

9.148 

.43 

1.80 

1.50 

C. V. = 11.02 percent. 


tion. 




. 






Error—. 


134 

2, 860. 28 

21.345 






1 Total 

203 

21. 301. 29 

- ' . 






[Variety 


16 

2, 466. 25 

154. 141 

2.71 

2.20 

1.75 



Level-.- 


3 

23, 822. 65 

7,940.883 

139. 37 

3.94 

2. 68 

i= 63.48 bushels. 


Block 


2 

266.39 

133. 195 

2.34 

4. 78 

3. 07 

<r=7.55 bushels. 

1931 

Variety-level 

interac- 

48 

3,870. 02 

80. 625 

1.42 

1.80 

1.50 

C. V. =11.89 percent. 


tion. 










Error 


134 

7,63161 

56.975 






i Total 

! 203 

38, 059. 92 







(Variety 


16 

647. 08 

40. 443 

9.92 

"■“2720 

1.75 



1 Level. 


3 

1,495. 391 

498.463 

122. 29 

3.94 

2. 68 

£=24.91 bushels. 


Block 


2 

591.88 

295. 940 

72. 61 

4.78 

3.07 

<r= 2.02 bushels. 

2932 

/ Variety-level 
tion. 

interac- 

48 

263, 94 

5.499 

1.35 

1. 80 

1.50 

0. V. =8.11 percent. 


Error. 


134 

546. 12 

4. 076 






Total 


m 

i 3,544.411 







J Approximate values. 
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Total yield represents the total top growth, independent of how 
much of the material moves into the developing kernels. Grain yield, 
on the other hand, measures particularly the translocation of elab- 
orated plant food into the developing embryo and endosperm. A 
general comparison of the Wo parts of table 4 indicates that after 
variance is removed for the factors considered, residual error is 
greater for total than for grain yields. This is measured by the co- 
efficient of variability (C. V.), since the standard deviation (a*) has been 
estimated from the variance for error. This is surprising, since the 
fdling of the grain follows the virtual completion of vegetative growth, 
and grain ^nelds, therefore, would be expected to show greater varia- 
bility because of the additional physiological processes involved. 

A second unexpected reaction appears in comparing the 1931 results 
with those of other years. This was the season when oats gave their 
highest yields in both straw and grain, but the coefficients of variability 
for both total yields and grain yields were the largest obtained because 
of the large variance for error. Conversely, the yields and coefficients 
w^ere both lowest in 1932. This implies that factors introducing varia- 
bility other than variety, level, and the interaction of these two, be- 
come increasingly important as the season is more favorable, and the 
3 delds are higher. 

Differences among varieties were highly significant in all cases, but 
the F values w^ere decidedly lowm* in 1931. This does not necessarily 
indicate that the spread among varieties w^as greater wuth the more 
adverse seasonal conditions. The greater unaccounted-for error in 
1931 is largely responsible for the lower significance in that year. 

Fertility was a very important factor because of the wide range be- 
tween the A level and the D level. The spread among the different 
treatments, how^ever, varied with season as wurs to be expected. 
Leaching, precipitation, and temperature probably all played import- 
ant roles, especially since the oats crop received no direct applications 
of fertilizer. 

A comparison of the variance for variety with the varietal means, for 
grain and for total yields, ma}^ be made by considering the ratio 


V V ariance due to v ariety _ 
Mean varietal yield 


In all four seasons this ratio is greater for 


total than for grain yields. In 1929 it is 1.22 times; in 1930, 1.17 
times; in 1931, 1.87 ; and in 1932, 1.33 times as great. 

For optimum development oats require a cool, moist season. The 
Ohio climate is b}^ no means ideal for them. It may be that the rela- 
tively cool weather before heading is favorable enough that the in- 
herent differences between varieties can find expression in the vegeta- 
tive growth, whereas the hot weather following heading is so unfavor- 
able that varietal response in the grain yields is inhibited in sonie 
degree. ", 

The variety-level interaction is one of the most important points 
studied. In no single season did it prove mathematically significant, 
though in 1931 the F value approaches the 5-percent point closely, 
especially for the grain yields. There is a more nearly significant 
interaction for grain than for total yields in 3 of the 4 years, indicating 
a possible differential response in the reproductive phases greater than 
in purely vegetative growth. The evidence for this, how'^ever, is far 
from' concIuBiva. ■ 
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Definite indication of differences between blocks was found, espe- 
cially on that field used in 1929 and 1932. In fact, in most cases the 
rariky-block interaction was significant and, strangely enough, in all 
instances except for grain in 1931, this interaction was more signifi- 
cant than that of variety-level. This represents a serious error in the 
experiment, -which, however, cannot be justifiably removed, since it 
represents an uncontrolled and largely indeterminate factor. It is 
probably much less important as a source of error in the analyses 
present^ in table 5, where all seasons are taken together. Since 
three fields were used, variance for block could not be removed 
directly, and the total yield of the three replicates was used as the 
starting point for this anay^is. 


Table 5. — Analysis of variance for total yield and grain yield of 17 varieties of 
oats grown, at 4 levels of soil fertility during 4 seasons 

TOTAL YIELD 


Variance due to— ' 

Degrees i 
of free- i 
dora 

Suras of 
squares 

Variance 

F 

1 

1 

1-per- 
cent 
point 
for F 1 

5-per- 
cent 
point 
forF 1 


Variety. - 

Level. 

Season 

Variety-level interaction 
Variety-season interac- 
tion. 

Level-season interaction. 

If'.HTAr 

16 i 
3 i 
3 1 
48 
48 

9 

144 

5, 611. 10 
16,263.13 
38,933.07 
692.99 
1,93.5.05 j 

7, 153. 55 
1,741.33 

350. 694 
5,421.043 
12, 977. 690 
14. 437 , 
40.314 

794.839 
12. 093 

29. 00 1 
448.28 1 
1, 073. 16 
1. 19 
3.33 

65. 73 

2.12 

3.91 

3.91 

1. 75 
1. 75 

2.63 

1.70 
2. 66 
2. 66 
1.40 
1.40 

2.00 

:r- 13.72 pounds. 

(T- 1.16 pounds. 

C. V,=8.45 percent. 

Tnt.nl 




271 

72,330.22 











GRAIN YIELD 


Variety- 

16 

21,967.39 

1,372,962 

14.64 

2. 12 

1.70 


Level 

3 

81, 874.57 

27, 291. 523 

291.07 

3.91 

2. 66 


Season — . 

3 

464,226.48 

154,742.160 

1, 650.35 

3. 91 

2. 66 

42.47 bushels. 

Variety-level interaction 

48 

2, 720. 43 

56.676 

.60 

1.75 

1. 40 

<r«3.23 bushels. 

Variety-season Interac- 

48 

18, 310. 02 

381. 469 

4.07 

1. 75 

1.40 

C. V. -7.60 percent. 

tioB. 








Level-season interaction, 

9 

41, 735. 19 

4,637.243 

49.46 i 

2.63 

2. 00 


Error 

144 

13, 501.81 

93,763 











Total .,„.J 

271 1 

644,335. 89 














1 Approximate values. 

Without question varieties differed in yielding ability, and the vari- 
ance due to levels was large, but neither of these factors exerted as 
much influence as season. The variety-level interaction was not 
mathematically significant in any case. However, when variety- 
block and level-block variance was removed from error, this inter- 
action reached the level of significance in one season in the case of 
total yields, and in three seasons in the case of grain yields. Never- 
theless when all seasons were considered together, no significant 
variety-level interaction was found. This was in marked contrast 
to the wheat crop in the rotation, where, in the corresponding analy- 
sis, odds exceeded 99:1 for total yields, and approached the 1 -percent 
point for grain yields. 

Consideration of the data from all analyses indicates that for oats 
the variety-level interaction is of questionable ^pificance mathe- 
matically, and the actual yield differences involved are of no practical 
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significance. It therefore appears safe to apply variety-test results 
obtained at Wooster to rather divergent soil-fertility conditions, 
since the unaccounted-for errors are relatively low. 

SUMMARY AND CONCLUSIONS 

A 3-year rotation of corn, oats, and winter wheat has been grown at 
four fertility levels at the Ohio Agricultural Experiment Station. 
Oats alone are considered in this paper. 

Data on grain yield, straw yield, and weight per bushel are given 
for 17 varieties of oats, all grown for four seasons. 

Climatological data covering the period of the experiment are in- 
cluded. 

Analysis of variance for total yield and for grain yield, by individual 
seasons, and all seasons together, indicates that differences due to 
variety, to level, and to season are all highly significant. The variety- 
season interaction is highly significant, but the variety-level inter- 
action is probably not significant. 

Unaccounted-for error, as measured by the coefficient of variability, 
is less for grain than for total yield. This is unexpected, and may be 
due to the wide divergence of climate from the ideal for the crop. 

Because the variety-level interaction is of questionable significance, 
and at the same time the unaccounted-for errors are low, it appears 
safe to apply results of a variety oat experiment at Wooster, Ohio, 
to a rather wide range of soil conditions. 

O 
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SOME EFFECTS OF STORAGE CONDITIONS ON CERTAIN 
DISEASES OF LEMONS ' 

By Charles Brooks, principal pathologist, and Lact P. McColloch, principal 

scientific aide, Division of Fruit and Vegetable Crops and Diseases, Bureau of 

Plant Industry, United States Department of Agriculture 

INTRODUCTION 

The presence of carbon dioxide in a lemon-storage room is quite 
generally regarded as harmful. Many rooms are operated under 
instructions that the carbon dioxide in the atmosphere must be kept 
below 0.5 percent. 

Low temperature is known to be harmful to lemons, and exposure 
to temperatures below 50° F., even during a shipping period of 1 or 
2 weeks, is usually carefully avoided. 

The present study was undertaken to obtain more definite informa- 
tion in regard to the carbon dioxide and low-temperature tolerance 
of lemons {Oitrus limonia Osbeck) and the nature of the injuries result- 
ing from unfavorable storage conditions. 

In the course of the experiments several different diseases developed, 
and in most cases the frequency of their occurrence was modified 
by the storage treatment. 

MATERIALS AND METHODS 

The lemons used in the experiments were forwarded under ventila- 
tion in carlot shipments from Los Angeles, Calif., ^ to New York City 
and were then shipped by ordinary express to Washington, D. C. 
They were hauled to the Arlington Experiment Farm, Arfington, Va., 
and the experiments were started there within a day from the time of 
arrival in Washington, 

The term ‘%reen lemons^’ is used for fruit that at the time of ship- 
ment was dark green in color with only very slight traces of yellow, 
the term ^'silver lemons'^ for fruit that was turning from green to 
yellow, and the term ‘hnature lemons^^ for fruit that was bright yellow 
and of proper maturity for immediate marketing. At the time the 
experimental treatments were begun, the green and silver lemons had 
slightly too much yellow to be typical for the terms applied. 

In tiie earlier experiments, 20 to 30 lemons of a particular maturity 
were used under each storage condition. In the later experiments, 
this number was increased to 60 or 60 lemons for most of the tests. 
The lemons were selected individu^ly, and great care was taken that 
the different lots should be alike in maturity, firmness, and general 
appearance. 

It was intended that the relative humidity of the storage rooms 
should be maintained at about 88 percent; but it sometimes fell 

1 Received for publication Dec. 30, 1936; issued February X937. 

2 The writers are indebted to 0. W. Mann, of the Division of Fruit and Vegetable Crops and Diseases, 
for the selection and shipment of the fruit. 
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several points below tliis for short periods, especially m the 60"^ F. 
room. All records of temperature are reported in, degrees Fahrenlieit. 

In part of the carbon dioxide experiments the lemons were held in 
5-gallon jars during the period of treatment. In some cases the 
desired atmosphere was maintained by continuous renewal with air 
to which carbon dioxide had been added by means of flowmeters. In 
other cases the carbon dioxide was built up by means of the respiration 
of the lemons. In the latter tests a fair degree of miiformity was 
secured by occasional analyses and the regulation of a small opening 
in the container. In other tests a high percentage of carbon dioxide 
was maintained for short periods by the use of solid carbon dioxide 
as a supplement to ordinary ice in pony refrigerators. In these 
experiments both the carbon dioxide and the temperature were lower 
at the end of the treatment than at the beginning. 

The waxes used in the experiments were prepared by mixing paraffin 
and mineral oil in approximately equal proportions. In some cases 
beeswax was substituted for part of the paraffin. There was no 
indication that the results were affected by modifications in the for- 
mula for the wax. 

DECAY 

CHARACTERISTICS 

The most common form of decay was that caused by AUernaria 
citri Pierce. Much of this decay was of the ''center'' type, the central 
axis or core of the lemon becoming black and soft, with little external 
evidence of the disease, as is shown in figure 1, A. In other cases the 
entire lemon became black and soft, the decay usually starting at the 
button and moving toward the stylar end (fig. 1, J?). 

Perhicillium digiiatum Sacc. was a close second to AUernaria as a 
cause of decay, and P. italicum Wehmer was of somewhat less common 
occurrence. The type of decay produced by the last-named is shown 
in figure 1, (7. 

EFFECT OF TEMPERATURE 

During the first 6 to 8 weeks of storage there was greater develop- 
ment of decay at the higher than at the lower temperatures. This was 
especially true of alternaria decay. When the storage period was 
prolonged to 10 weeks or more there was sometimes more decay at 
32"^ and 36^^ F. than at any of the higher temperatures, especially 
with fimit that had been stored at the green or the silver stage of 
maturity. This greater decay at the lower temperatures was largely 
due to one or the other of the Penicillium species and was apparently 
the result of a prior development of pitting, watery break-down, or 
other low-temperature trouble that gave the decay organisms favorable 
points of entrance. 

In lemons that were held 1 or 2 weeks at 32^^, 36°, or 40° F. before 
being stored at 50° or 60° there was in general but slightly less decay 
than in the fruit held continuously at the higher temperature, especially 
after long periods of storage. 

EFFECT OF CARBON DIOXIDE AND WAXING 

It was pointed out in an earlier publication ^ that carbon dioxide 
has a decidedly inhibiting effect on penicillium decay of oranges and 

2 Bbooks, C., Beatley, O. 0-, and E. F. teansit akd stobage dise a.ses of fexjits and 

VEGETABLES AS AFFECTED BY INITIAL CARBON D^OXIDfe; TEJJATMENTS. U. S, Dept. Agr. TeCh. Bull. 610, 
24 pp., iilus. 1936,. . , , 
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grapefruit. In the present experiments the effect of carbon dioxide 
was tested on lemons that had been inoculated with AJternaria citri. 
The development of this decay was slow under all conditions, but the 
progress wms apparently as great in an atmosphere containing 40 
percent of carbon dioxide as in one that was practically free from 
carbon dioxide. 

A record of decay was kept in all the carbon dioxide and waxing 
experiments that are reported in detail under pitting and membranous 
stain. The results gave no indication that either waxing or continuous 
exposure to low percentages of carbon dioxide (10 percent or less) had 
any significant effect upon the percentage of either penicillium or 
alternaria decay at the end of long storage periods. 

Lemons that were held in tight containers for long-period carbon 
dioxide treatments or as controls for these treatments developed more 
decay in some instances than the fruit that was held in commercial 
packages at the same temperature. This difference was apparently 
due to a higher humidity in the tight containers. Fawcett, Klotz, 
and Nixon ^ have reported experiments in which alternaria decay 
was reduced by an* conditioning. 

PITTING AND PKTEGA 


GHARACTERISTlf'S 

Pitting, as the name implies, is characterized l)y the <level(>pment 
ot pits or depressions in the rind of the fruit, as shown in figure 2, A 
and B, In the present experiments it took various forms, its chara(‘- 
teristics as well as its prevalence varying with the treatment and 
apparently with the maturity and vitality of tiie fruit. In many 
cases the color of the rind in the pitted area remained normal or nearly 
so; in other cases it became light brown or a dark brown approaching 
black. 

The pits were usually as much as 0.2 inch in diameter and often 
more than 0.5 inch, but under certain storage conditions a smaller 
and shallower type prevailed, giving the lemons a somewdiat speckled 
appearance, as shown in figure 2, C, This type was particularly 
common in 36° storage. 

Peteca resembles pitting, but the surface of the peel is rehitivoly 
slow in losing its color and in the early stages the oil glands are darker 
than the surrounding tissue. ® This is shown in figure 2, JJ, 

EFFECT OF TEMPERATURE 


The effect of temperature upon the development of pitting and 
peteca is shown in figures 3 to 9, inclusive. Pitting did not occur in 
storage at 60°" F, It was usually absent and never of importance with 
either green or mature lemons held at 50°, but in a few instances the 
silver lemons developed the disease in 50° storage. At 32°, 36°, 
and 40° the lemons were often badly pitted, especially when held in 
storage rnore than 8 to 10 weeks. After the lemons had been 8 weeks 
or more in storage the disease was much worse at 32° and 36° than 
at 40°, and with green lemons it was usuaUy worse at 36° than at 32°. 
These contrasting temperature effecte did not disappear when the 


^ Fawcett, H. S., Xlotz, L. J., and Kixojt, H. W. effects of sto’Haoe an0 boeoino tonbitions on 
ALTERNASU IN LEMONS. OaUt OitrogT. %l: IXB, 143-144. 1936. 

« FywcETT, H. S , and Lee, H. A. CTWs diseases and their ooNTaor.. Naw York. 1026. [AEo od 
2, by Fawcett. 1936.] 
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fruit was held at room temperature for a week after removal from 
storage; in fact, they were usually somewhat emphasized by such 
holding. The pits developed at 40° were often darker than those 
at 32°. This may have been due to greater aging, greater oxidation, 
or perhaps to some other cause. 



Figure 2.'~Pittmg and peteca: A, Lemon showing deep pitting, the usual type in storage at 32° an<i 40° F 
B, pitting on a green lemon that was held at 36° for 13 weeks; C, lemon showing shallow pitting, the most 
common type in storage at 36°, and also one deep pit; i), peteca on lemon, as found after shipment from 
California to Washington, D. 0. 

Green, silver, and mature lemons that were held at 32°, 36°, or 
40° F. for 1 or 2 weeks and were then stored at 60° remained free from 
pitting. Lemons similarly held at 32° and stored at 50° remained as 
free from pitting on the average as those held continuously at 50°. 
Lemons similarly held at 36° or 40° before being stored at 50° showed 
a slight increase in pitting in some instances, as ^compared with those 
held continuously at 50°. There was little to indicate that holdmg 
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GREEN LEMONS STORED AT - 



PITTING AND PETECA fPERCENT) MEMBRANOUS STAIN (PERCENT) 

PITTINGMH PETECA CZl M E Dl U M OF? BAD Wl SLIGHT CZIl 

Figote 3.— E ffect of storage conditions on pitting, peteca, and membranous stain. Green and silver lemons 
stored at various temperatures November 28, 1933; record made 14 weeks later. In the lots receiving CO 2 
before storage, the fruit was held for 64 hours in an atmosphere in which the carbon dioxide dropped from 
50 percent to 30 percent and averaged 36 percent and in whicli tlie temperature dropped from 70® to 50® ,F. 
and averaged 66®. 
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Figure 4. — Eifect of storage conditions on pitting, peteca, and membranous stain. Green and silver 
lemons stored at various temperatures March 20, 1934; record made 12 weeks later. In the lots receiving 
C-O 2 before storage the fruit was held for 48 hours at 59° F. in an atmosphere in which the carbon dioxide 
was maintained at 50 percent by continuous air renewal. 



Dec. 1, 1937 


Ejects of Storage Conditions on Diseases of Lemons 801 


GREEN TO SILVER LEMONS STORED AT - 
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Figure 5.— Effect of storage conditious on pitting and membranous stain (no peteca developed) of lemons 
stored at various temperatures June 23, 1934. Part of the lemons were about halfway between the green 
and silver stages in maturity and the others were fully mature; record made after 12 weeks’ storage: 
Lemons in a pony refrigerator with the temperature dropping from 73° to 49° F. in 42 hours and averaging 
51°, and the carbon dioxide dropping from 59 percent to 30 percent and averaging 40 percent; 6, temperature 
as above, but the carbon dioxide dropping from 33 percent to 14 percent and averaging 22 percent; c, con- 
trols, with no carbon dioxide. 
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Figure 6.-- Effect of storage conditions on pitting, peteca, and membranous stain. Green and silver lemons 
stored at various temperatures January 23, 1935; record mad© 16 w^eeks later. In the lots exposed to C O 2 
the gas was built up by the respiration of the lemons and the treatments were continued during the first 
6 weeks of storage. 



802 


Journal of Agricultural Eesearch 


Vol. 55, no. II 


tlie fruit at a lower temperature for 1 or 2 weeks^ or even 4 weeks, 
produeed any decided tendency to pitting. 

In tlie experiments reported in figure 3, fruit that was field at 100^ F. 
for 21 fiours before being stored had slightly less pitting tlian the 
control fruit, but the difference could hardly be regarded as significant. 

There seemed to be little evidence that the development of peteca 
was modified by temperature conditions. Its erratic occuiTence with 
some lots of fruit seemed to indicate that its prevalence was largely 
determined by prestorage conditions. 


GREEN LEMONS STORED AT ~ 



PITTING AND PETECA (PERCENT) MEMBRANOUS STAIN (PERCENT) 

PlTTtNGWB PETECA CZ3 MEDIUM OR BAD SLIGHT C=3 

Figcee 7*,— Effect of storage conditions on pitting, peteca, and membranous stain of leinoris stored at various 
temperatures June 26, 1935. Tbe carbon dioxide treatments were continued during the first 3 weeks of 
storage. The record on the silver and mature lemons was after 9 weeks' storage, that on the green lemons 
. after li weeks' storage.' 

EFFECT OF CARBON DIOXIDE 

In several of the experiments lemons were exposed to high percent- 
ages of carbon dioxide for a period of 2 or 3 days before being placed 
in storage. The results are shown in figures 3 to 5, inclusive. In 
four tests with green lemons, four with silver lemons, and two with 
mature lemons, pitting was decreased by this prestorage gas treat- 
ment, and there was no instance in which it was increased. The 
decreases were slight in some cases, but in others they ran as high as 20, 
40, and 60 percent. 

In other experiments the lemons were held for several weeks in 
atmospheres containing 2 or 10 percent of carbon dioxide. In some 
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ITiGiiRE 8,— -Effect of storage conditions on pitting and membranous stain of lemons stored at various tem- 
peratures February 17, 1930; record made 1(> weeks later. The carbon dioxide treatments were continued 
during the first 4 w'eeks of storage. 
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Figuee 9.— Effect of storage conditions on pitting, peteca, and membranous stain of lemons stored at various 
temperatures May 12, 1936; record made 14 weelb later. The carbon dioxide treatments were continued 
during the first 4 weeks of storage. 
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of these tests the carbon dioxide was built up by the respiration of the 
fruitj and in others it was obtained by continuous renewal with an 
atmosphere to which carbon dioxide had been added. The results 
are shown in figures 5 to 9, inclusive. 

In the experiment reported in figure 5, lemons were held at 50° F. 
in 10 percent of carbon dioxide for 10 weeks without the development 
of pitting j but neither was there pitting in the control lot in the open. 

In the experiments reported in figure 6, the fruit was held at 32° 
and at 40° F. during 6 weeks' exposure to an atmosphere containing 
10 percent of carbon dioxide. No control lot was held at these 
temperatures for the same length of time as the treated fruit, and it is 
therefore impossible to draw definite conclusions. There is some 
indication that the carbon-dioxide treatments caused a decided de- 
crease in the pitting of green lemons but possibly a slight increase in 
the pitting of silver lemons. 

The experiments reported in figure 7 were carried out at 40° and 
50° F., and those reported in figures 8 and 9 at 50° and 60°. In all 
cases control lots were held in similar confinement but in atmospheres 
that were free from any accumulation of carbon dioxide. In the 
experiments of figure 7 the carbon-dioxide treatments were continued 
for 3 weeks and in the experiments of figures 8 and 9 for 4 weeks. 

In a total of 24 experiments in which the fruit was exposed to 10 
percent of carbon dioxide and in 10 experiments in which it was ex- 
posed to approximately 2 percent, there were 30 instances in which 
no pitting developed on either treated or control fruit. In the experi- 
ments in which the fruit was exposed to 10 percent of carbon dioxide 
there were three instances in which there was more pitting on the 
control fruit than on the treated lot and but one instance in which the 
reverse condition held. The results do not give any indication that 
exposure to low percentages of carbon dioxide had any tendency to 
cause pitting. 

In the 34 carbon-dioxide tests mentioned above there were 4 in- 
stances in which peteca occurred and in 3 of these it was worse on the 
treated than on the control fruit. If peteca is to be considered a form 
of pitting, this record just balances the favorable contrast reported 
above, leaving the effect of low percentages of carbon dioxide null. 

EFFECT OF OILED WRAFPEES AND WAXING 

Lemons that were waxed and those that were packed in heavily 
oiled wrappers developed less pitting than those stored without these 
treatments. This is shown in figures 3 to 9, inclusive. When com- 
pared with the controls, the treated fruit showed approximately three 
times as many instances of a definite decrease as of a definite increase 
in pitting. The results indicate a similar or even greater decrease in 
the peteca form of pitting on the fruit that received an oiling or waxing 
treatment. 

RED BLOTCH 

Red blotch, or adustiosis, is a peel defect that is much shallower 
and more diffuse than pitting, although in some instances it seems to 
shade gradually into the milder or shallower type of pitting (p. 798). 
The diseased area is reddish brown in color, and in early and marginal 
stages of the disease it appears to be made up of an aggregation of 
small brown dots, but later a more ocmtinuous browning develops. 
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In the present experiments red blotch has been of relatively rare 
and rather erratic occurrence. It was not found on lemons that were 
mature when placed in storage and was far more common on green 
than on silver lemons. It was found almost exclusively on fruit stored 
at 36° or 40° T., with an occasional occurrence at 32° and 50° but 
never at 60°. 

Either by chance or otherwise, the lots that were exposed to carbon 
dioxide remained entirely free of the disease. Fruit that was waxed or 
held in heavily oiled wrap- 
pers developed as much . 
red blotch as the controls. 


MEMBRANOUS STAIN 

CHARACTERISTICS 

Membranous stain, or 
membranosis, is charac- 
terized by a browning or 
darkening of the mem- 
branes or carpellary walls 
between the segments. 
This condition is shown in 
figure 10. The central 
core tissues and the inner 
tissues of the rind are also 
sometimes affected. Tlie 
disease can be detected 
only when the lemons are 
cut. 

Membranous stain, es- 
pecially in its milder forms, 
was by far the most preva- 
lent disease found in the 
present experiments. The 
record of its occurrence is 



shown in figures 3 to 9, 
inclusive. 


Figure 10.— Membranous stain as seen in longitudinal section 
of a silver lemon that was held 13 weeks at 40® F. 


EFFECT OF TEMPERATURE 

Membranous stain showed an extreme response to temperature. 
Lemons stored at 32° F. usually remained practically free from the 
disease; whereas those held at 40° usually were seriously affected, in 
many cases but little of the fruit remaining free. In the few tests in 
which the fruit was held a t 31° or 34° the results were similar to those 
at 32°. There was much less membranous stain at both 36° and 50° 
tha.n. at 40° and far less at 60° than at 36° or 50°, yet the amount of 
stain at 60° was much greater than at 32°. 

In most of the experiments the lemons were held at 70° F. for a 
week after removal from storage. Membranous stain did not increase 
during this period. This fact would seem to prove that the elimina- 
tion of the disease at 32° was permanent and not due to any tempo- 
rary inhibition of oxidation or related processes. 

The extreme temperature response of membranous stain and its 
sharp divergence from that of pitting make an interesting background 
for speculation as to the fundamental causes of the two diseases. 
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With fruit that was moved from one temperature to another the 
development of membranous stain seemed in general to be in accord 
with the relative periods at the two temperatures. Fruit held at 32° F, 
for 1 or 2 weeks before being stored at 50° or 60° usually developed 
less membranous stain than that held continuously at the higher 
temperatures, and fruit held at 40° for 1 or 2 weeks before being 
stored at 50° or 60° usually had more stain than that held continuously 
at the luglier temperatures. 

In the experiments reported in figure 3, green and silver lemons 
that were held at 100° F. for 21 hours before being stored at 40° 
developed less membranous stain than those that were placed imme- 
diately at 40°. 

EFFECT OF CARBON DIOXIDE 

Increasing the carbon dioxide content of the storage atmosphere 
decreased the occurrence of membranous stain. 

In the experiments in which the lemons were exposed to a high 
percentage of carbon dioxide for 2 or 3 days before being stored 
(figs. 3-5) there were 10 instances in wdiich there was more mem- 
branous stain in the controls than in the treated fruit and 5 instances 
in which the reverse was true. In two lots stored at 32° F. the 
treated lemons had more of the disease than the controls. At this 
temperature both the treated and control lots remained remarkably 
free from membranous stain. 

With fruit held for several weeks in constantly renewed atmospheres 
to which 10 percent of carbon dioxide had been added (figs. 7-9) there 
were 12 instances in which membranous stain was greater on the control 
fruit and 2 instances in which it was greater on the treated fruit. 

Experiments were made in which the carbon dioxide from respira- 
tion was allowed to accumulate in the storage chamber. In 1 1 of 
these experiments the carbon dioxide was held at approximately 10 
percent and in 12 it was held at 2 to 3 percent (figs. 6-9). There were 
more instances in ■which the membranous stain in the control fruit ex- 
ceeded that in the treated fruit than there were of the reverse condition. 

The results indicate that the presence of carbon dioxide in the 
storage atmosphere is beneficial rather than harmful so far as mem- 
branous stain is concerned. The favorable effect of exposure to 
carbon dioxide, together with the favorable effect of low temperature, 
would suggest the possibility that the control in both cases is due to 
suppression of oxidation. 

The lack of harmful effects from exposure to carbon dioxide does 
not prove that some form of ventilation or air circulation may not 
be beneficial. There may be other respiratory products that accu* 
mulate to a harmful degree, A comparison of the fruit that was 
confined, either for carbon dioxide treatment or as controls, with that 
held in the open (figs. 5-9) shows that there were a few more instances 
of membranous stain on the confined fruit exceeding that on the 
fruit in the open than there were of the reverse condition; but the 
contrast is hardly great enough to suggest a practical significance. 

EFFECT OF OILED WRAPPERS AND WAXING 

Waxing the lemons tended to decrease the development of membra- 
nous stain (figs. 3, 4, 6-9). At and 60° F. little membranosis 
developed on either treated or control lots. When compared with 
the controls, the treated fruit showed approximately four times as 
many instances of a distinct deorea^ as of a distinct increase in 
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membranous stain at 40° and 50°. The few experiments with heavily- 
oiled wrappers gave results that were favorable rather than otherwise. 

Waxing and the use of heavily oiled wrappers -would be expected to 
increase the carbon dioxide and decrease the oxygen content of the 
internal atmosphere of the fruit, and it is possible that their favorable 
effect is to be explained on the same basis as that of the carbon dioxide 
treatments. 

WATERY BREAK-DOWN 

CHARACTERISTICS 

In low-temperature storage the lemons sometimes became water- 
soaked, soft, and spongy, as if frozen. Both the peel and the pulp were 
usually involved. The term “watery break-down” is suggested for this 
diseased condition, A similar disease has been reported in grapefruit.® 

STORAGE RESPONSE 

The disease was confined to lemons held for long periods in storage 
at 31° or 32° F. In some cases 25 percent or more of the fruit was 
affected at the time of removal and there was usually an equal or higher 
percentage of the fruit that became watery when held for a few days 
after removal. Green lemons remained relatively free of the disease, 
but silver and mature lemons became badly affected. Lemons that 
were exposed to high temperature or to high percentages of carbon 
dioxide before being stored at 32° had far more of the disease than 
tliose that did not receive these treatments. 

Watery break-down is evidently a low- temperature suffocation 
type of disease. 

SCALD 

The term “scald” is sometimes used for injuries resulting from 
chemical treatments or exposure to high temperature. In the present 
experiments scaldlike injuries were occasionally found in low-tempera- 
ture storage. With green lemons, the disease was characterized by a 
general disappearance of the green color and a slight depression of the 
affected peel. With silver and mature lemons no depression was 
evident, and the diseased condition was indicated by a color change 
of the peel from normal yellow to a honey yellow or cinnamon biilfj 
The trouble was sometimes associated with watery break-down and 
is probably closely related to that disease, yet no instance was ob- 
served in which one disease developed into the other. 

INTERNAL DECLINE 

Internal decline, or endoxerosis, was found occasionally in the 
present experiments, but with little if any reference to storage condi- 
tions. The disease is characterized by a breaking down and drying 
of the internal tissue, particularly that near the stylar end. 

FIRMNESS AND COLOR 

Notes were taken on the effects of the different treatments upon 
the color and firmness of the fruit, and the results were recorded as 
percentages. Lemons showing ideal firmness were given a rating of 
100 and softer lemons a lower rating. Fruit that had the most desir- 
able color f or immediate marketing was rated at 100 ; that which was 

» Brooks, C., and McCollogh, L, P. some storage diseases of grapefbuit. Jour, Agr. Research 
52: 319-351, illus. 1936. 

tbidgway, R. COLOR standards AND COLOR nomenclature, 43 pp., illus. Washington, D. C . 1912 . 
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greener was given a lower rating and that which had too much brown 
in the yellow was given a higher rating. The results from two of, the 
experiments are shown in figures 11 and 12. The results from the 
other experiments were in general agreement with these but showed 
slightly less contrast. 


GREEN LEMONS STORED AT —■ 



Figure II.— .Ktfeut of storage conditions upon the firmness and color of lemons. Oreeii and silver leiooris 
stored March 20, 1934; record made 12 weeks later. 

The effects upon color were more pronounced with green lemons 
than with silver lemons. ^ The rate of color development usually 
increased with an increase in the storage temperature. 


GREEN LEMONS STORED AT — 



Figure 12.--Effect of storage conditions upon the firmness and color of lemons. Green and silver lemons 
stored January 23, 1935; record made 16 weeks later. 

Carbon dioxide treatments usually delayed color development, 
especially in the prestorage treatments with high percentages of 
carbon dioxide. 

Color usually developed more slowly in waxed than in unwaxed fruit. 

The firmness of the fruit usually decreased with a rise in the storage 
temperature. Fruit held for 1 to 3 weeks at a lower temperature before 
being moved to a higher usually showed decidedly greater firmness 
than that held continuously at the faigher temperature. 
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Carbon dioxide treatments had little, if any, effect upon loss of 
firmness. 

Waxing had a most pronounced effect in delaying the loss in firm- 
ness, especially at the higher temperatures. 

In the tests reported in figure 11 several of the waxed and un waxed 
lots were weighed before and after being stored, and it was found that 
the loss in weight of the waxed fruit was 75 to 95 percent less than that 
of the control fruit. 

SUMMARY 

Certain storage diseases of lemons are described and experiments are 
reported showing the response of these diseases to storage conditions. 

The storage lots were small but great care was taken in selecting 
them. 

Fruit was held in storage at 32®, 36®, 40®, 50°, and 60° F. 

During the first 6 or 8 weeks of storage there was more decay at 
the higher temperatures, but with longer storage this was sometimes 
reversed, apparently because of decay following watery break-down 
and pitting. 

Carbon dioxide failed to check alternaiia decay. 

Pitting did not occur in 60° F. storage and was seldom serious at 
50®, but was the great limiting factor in storage at lower temperatures. 
It was much worse at 32® and 36° than at 40®. 

Holding the lemons at 32°, 36°, or 40® F. for 1 or 2 weeks before 
storing them at a higher temperature did not increase pitting. 

Prestorage treatments with high percentages of carbon dioxide 
tended to decrease pitting. 

Waxed lemons developed less pitting than unwaxed ones. 

Membranous stain showed most pronounced temperature response. 
Its occurrence at 32°, 36°, 40°, 50°, and 60° F. stood approximately in 
the order of 1, 12, 22, 8, and 2 percent respectively, with usually only 
a small amount of the disease at 32° and 75 to 100 percent of the fruit 
affected at 40®. 

Fruit held at 32® F, 1 or 2 weeks before being stored at 50° or 60® 
usually developed less membranous stain than that held continuously 
at the liigher temperature, but when held at 40° 1 or 2 weeks before 
being stored at 50° or 60° it sometimes developed more. 

Carbon dioxide gas storage decreased membranous stain. This was 
true with fruit receiving prestorage treatments with high percentages 
of carbon dioxide and with that exposed for several weeks to low 
percentages produced either by the addition of carbon dioxide to the 
atmosphere or by building it up by means of the fruit respiration. 

Waxed fruit usually had less membranous stain than un waxed. 

Watery break-down was sometimes serious in 32° F. storage but did 
not occur at higher temperatures. Scald and red blotch were occasion- 
aUy found on fruit held at low temperatures. 

Prestorage treatments with high percentages of carbon dioxide 
tended to delay color development. 

Waxed fruit lost weight and firmness very much more slowly than 
unwaxed fruit. 

No injury resulted from the accumulation of low percentages of 
carbon dioxide in the storage atmosphere, and none from prestorage 
exposure to high percentages of carbon dioxide. 




PRODUCTION OF SYNTHETIC ■ MYCORHIZA IN THE 
CULTIVATED CRANBERRY ' 


By Henry F. Bain 

Senior pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of 
* Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Investigations in the Ericaceae have played- an important role in 
the broader study of relationships existing between mycorhizal fungi 
and their host plants. Many species of the family, particularly those 
growing in peat and raw humus soils, regularly have mycorhiza of a 
rather uniform type, in which the epidermal or cortical cells of the 
roots are filled with compact masses of fungus mycelium. According 
to some investigators, the mycorhizal fungi invade above-ground 
organs as well as roots of the host, the mycelium in this case being 
generally distributed throughout the plant in a highly attenuated 
and sparsely developed form. Extraordinary significance has been 
ascribed to this systemic form of infection, as the fungus is considered 
to furnish an indispensable stimulus to root production by the host 
plant. Other investigators have questioned the existence of systemic 
infection and its obligate relation to root production. Some workers 
suspect that the mycorhizal fungus supplies nitrogen to its host, 
either by making nitrogenous compounds in the peat available or by 
directly fixing atmospheric nitrogen; others doubt whether the host 
derives any benefit from its endophyte. The present paper adds to 
this general subject some observations on the mycorhiza of the cul- 
tivated cranberry, Vaccinium macrocarpon Ait. 

REVIEW OF LITERATURE 

A critical review of the literature is essential to an understanding 
of the discordant views held by present investigators. Stahl in 1900 
(S^y grew seedlings of Vaccimum myrtillus in sterilized soil and re- 
ported that they were mycorhiza-free but developed as well as 
mycorhiza-infected plants. Ternetz in 1907 (37) reported that several 
strains of a fungus described as Phoma radicis, isolated from roots of 
different ericaceous species, were able to fix atmospheric nitrogen. 
The identity of the isolated strains with the root endophytes was not 
established because mycorhiza-free plants could not be secured for 
inoculation tests, even by growing plants from surface-sterilized seed 
planted in peat sterilized at 120'^ C. on 2 successive days. Ternetz 
reasoned that the mycorhizal fungus must have been present in the 
seed, and in confirmation reported finding brown hyphae, similar to 
those occurring on ericaceous roots, in seed coats of OaUuna y^ 
one of the plants with which she worked. After considering various 
ways in which the mycelium might have reached the seed, Ternetz 
inclined toward the view that infection takes place during bloom. 
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111 a series of publications beginning in 1911, Rayner gradually, 
developed the hypothesis of systemic infection and obligate symbiosis 
in the Ericaceae, Pier first (joint) paper (23) suggested that myco- 
rhiza might be an important factor in accounting for the natural 
distribution of Calluna mlgaris. Working with the same plant, she 
reported in 1913 (16) finding seed-coat infection in unopened capsules 
and isolated a fungus from surface-sterilized mature seed which ^has 
since then been identified with the species occurring as mycorhiza in 
the roots' V (Id, p, 70, footnote). Fungus-free cultures of seedlings 
were obtained when the strength of the sterilizing solution (mercuric 
cldoride) was increased to 1 percent. Rayner interpreted this to 
mean that the seed-coat-inhabiting mycorhizal fungus had been 
effectively eliminated and that in consequence these seedlings were 
truly mycorhiza-free. All such seedlings failed to produce normal 
roots. In 1915 (17) she reported success in stimulating similar 
'"mycorrhiza-free" seedlings to form roots and grow normally on an 
agar substrate by inoculating the cultures with a Phoma isolated 
from unopened fruits. The circumstance of root stiniulation was 
considered to prove not only that the Phoma was identical with the 
CMhma endoph^T-te but also that the relation between root formation 
and mycorhizal infection was obligate. As will be pointed out later, 
the Phoma did not produce typical mycorhiza in the inoculated seed- 
lings. Unlike Ternetz, Rayner was of the opinion that the fungus 
reached the seed by growing up through stem and fruit tissues and 
that seedlings subsequently became infected by hyphae from seed 
coats growing into roots shortly ^ after germination. Microscopic 
examination revealed fine hyphae in leaves and stems of the plant. 
The final link in the development of Rayner's hypothesis appeared 
in 1922 (19), when she referred her Phoma to the nitrogen-fixing 
P. radicis of Ternetz and, by accepting the identity of the fungi, 
considered that her findings confirmed and extended those of Ternetz. 

Clmistoph in 1921 (6) first seriously questioned Rayner's work. 
He isolated a nonfruiting fungus from roots of Calluna vulgaris, 
which produced typical mycorhiza wRen inoculated into the soil in 
which Calluna seedlings and cuttings were growing. The fungus was 
obviously not Phoma radicis. Uninoculated plants grew normally 
and remained free from mycorhiza, in some cases for more than 2 
years. Christoph started his plants in sterilized soil, but afterward 
grew them in open pots unprotected from contamination. Rayner 
(18) promptly replied to this article by criticizing Christoph^s work 
on the thi'ee grounds that the seeds were incompletely sterilized, 
that they were not grown under aseptic conditions, and that the 
microscopic technique employed in making the examination for 
infection was inadequate. She charged that Christoph completely 
overlooked the ^'fine mycelium'' type of infection, which was undoubt- 
edly present in his uninoculated plants. On her part, Rayner min- 
imized the fact that Chiistoph's fungus produced the ^fimot" form of 
mycorhiza in roots of plants growing in previously sterilized soil. 

Dufrenoy (8) in 1917 reported that the endo trophic mycorhizal 
fungus associated with root tubercles of Arbutus unedo extended 
thi'oiighout all organs of the plant in that species. After death of 
sepals, petals, and leaves, the fungus continued to grow saprophytically 
and in that stage produced conidia. The fuiigus was also said to 
sporuiate on rootlets which it had previously parasitized. By 



Dec. 1, 1937 


Production oj Synthetic Mycorhiza in the Cmnherry 813 


^ implication the fungus was considered to be a strain of Phoma radicis. 
It was not isolated from the plant. Working with the same host 
speciesj Eivett in 1924 (B6) concluded that the tubercles were pri- 
marily caused by a fungus growing ectotrophically and that the 
^toot” form of endotropMc mycorhiza developed in them somewhat 
later. Nontuberculate roots were frequently infected with the 
attenuated form of hyphae. It was assumed that the three types of 
mycorhiza^ — the ectotrophic and both endotropMc forms- — were 
caused by a single fungus, although no isolations were made. 

A reinvestigation of the whole problem of mycorhiza in Calluna 
was reported by Rayner (W) in 1925. Essentially the same .conclu- 
sions were reached. Some new details regarding distribution and 
time of development of mycelium in the plant were given. She stated 
that ^'fungal infection and the stimulus to development associated 
with it on the one hand, and the formation of root mycorhiza on the 
other hand, must be regarded as distinct phenomena^^ (20, p. 285), 
although the same fungus was believed to bring about both condi- 
tions. When Rayner repeated Christoph’s experiment of growing 
cuttings in sterilized peat, she found that after 8 months the roots 
appeared to be free from mycelium; i. e., like Christoph’s check plants, 
they failed to develop the “knot” type of mycorMza. However, she 
insisted that the attenuated form of the endophyte was present. 

In 1928 Doak (7) briefly reported isolating a mycorMzal fungus 
from roots of Vaccinium corymbosum and V. pennsylvanicum, wMch 
produced mycorhiza in “sterile seedlings.” Normal root and stem 
development did not depend on the presence of the fungus. The 
fungus resembled Bhizoctonia, Unfortunately, a complete account 
of these investigations has not been published. 

Using a culture of Phoma radicis callunae, isolated by Rayner in 
1924, Jones and Smith (,12) in 1928 reported that the fungus fixed a small 
amount of atmospheric nitrogen but exhibited unmistakable growth 
response when available nitrogen was added to the culture solution. 
The authors felt that the stud^y ought to be repeated with a newly 
isolated strain of the fungus. 

The notion of systemic infection was carried still further by Rayner 
in 1929 (21), when she reported that in the genus Vaccmium the 
endophyte penetrates into the endosperm of the developing seed. 
The investigation dealt largely with V. macrocarpon and F. oxycoccus, 
though ovarial infection by fine hyphae was reported for seven species 
of the genus. Fruit infection was detected as early as July, In 
mature seed the embryo alone lacked infection. When seed were 
aseptically transferred to agar from surface-sterilized berries, the fine 
hyphae in the seed coat and endosperm became active and penetrated 
into the developing hypocotyl but did not grow into the agar, a 
circumstance that appeared “very puzzling” (21, pp, 60-61), Despite 
the fact that the endophyte was never isolated from any part of the 
cranberry plent, it was assumed that the mycorhizal fungus was a 
strain of Phoma radicis. Seedlings were grown on agar with and 
without seed coats removed. In both cases they grew well but rooted 
irregularly, and roots in contact with the agar browned early. Roots 
and stems of the seedlings were found to be sparsely infected with 
fine hyphae. It was argued that since the endosperm is infected the 
seedlings likewise must be infected; consequently, it is impossible to 
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follow the classic method of inoculating fungus-free plants with a pure 
culture of the endophyte in Vaccinium species. Concerning the 
failure of the seedlings to develop the “knot” type of mycorhiza in 
agar cultures, the following statements appear (^1, pp. 66—68): 

[Mycorrliiza formation] is an annual event, influenced largelj^ by soil conditions. 
* * * The direct relation of mycorrhiza form.ation to soil constitution is 

emphasized once more, and in Vaccinium there can be little doubt of its immediate 
connexion with an abundant supply^ of natural humus. * _ f Mycorrhiza 
formation [in Vacciniumi is likewise hindered by certain conditions in the rooting 
medium. ^ ^ ^ the formation of mycorrhiza is partially inhibited in the 

roots of both species [Vaccinium and Calluna] when growm in a sterilized niedium. 

In 1929 Knudson (13) reported growing seedlings of Calluna ml- 
garis for more than 2 months without the formation of mycorhiza. 
The plants rooted normally. Seed were surface-sterilized with cal- 
cium hypochlorite solution and planted on nutrient agar in test tubes. 
The agar slants remained sterile except one series in which the seed 
contained a considerable amount of chaff. All the cultures in this 
particular series developed an Alternaria, which was unable to pene- 
trate into the roots. Phoma did not appear in any of Itnudson's 
cultures, and no attempt was made to isolate the endophyte from roots 
of naturally infected plants. 

Eayner immediately criticized Knudson^s work, claiming that he 
used imperfect sterilization methods and then overlooked infection 
in his seedlings because of faulty technique. She stated {23 ^ pp. 383- 
384): 

In imperfectly sterilised cultures [i. e., those in which the Phoma presumably 
occurring in the seed coats is not killed] in an aseptic rooting medium typical 
mycorrhiza, is not formed; mycelium is casual in distribution, often very sparsely 
developed, and may be extremely difficult to put in evidence in the earlier stages of 
growth. ^ ^ The early stages of infection in cultures such as those de- 
scribed show no hyphal complexes within the root cells * The two 

phenomena— infection of the seedling at germination and the formation of mycor- 
rhiza— are distinct; the former is invariable, the latter conditioned by the nature 
of the rooting medium ^ ^ ^ Presumably, by 'Toot infection” Kiuidson 

understands the formation of the characteristic hyphal complexes found in typical 
Calluna mycorrhiza. In my experience, these are never formed in a sterile agar 
rooting medium of the kind used ^ * *. Knudson*s conclusions tend to 

confirm those reported by Christoph because he has employed a similar technicpie 
and does not appreciate the true character of seedling infection as distinct from 
mycorrhiza formation. 

Further support for the nitrogen-fixing ability of Phoma radids 
caUunae was reported in 1929 by Kayner and Smith (24)^ In the 
course of a physiological investigation of the fungus it was found that 
both the fungus and Calluna seedlings thrived better wdien nitrates 
and other forms of combined nitrogen were left out of the nutrient 
media. ^ Strains of the endophyte were said to exhibit a high degree of 
specialization toward their respective host plants. On the subject of 
mycorhiza formation it was again stated { 24 , p. 287) that 
roots although infected by mycelium do not develop functional mycor- 
liiiza in a sterilised substrate).^’ 

Investigating the nutrient requirements of the cranberry {Vac- 
cinium macrocarpon) in 1931 and 1932, Addoms and Mounce (I, 
concluded that the mycorhizal fungus ^one was not able to supply the 
plant^s demand for nitrogen. Eopted cuttings were grown in, sand in 
open pots. Fimgus mycelium, presuma'bly of Phoma radids, was 
observed in above-ground plant parte, indluaing fruit and seed, as well 
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roots. There appeared to be a positive correlation between the 
amount of mycelium present and vigor of growth in the host plant. 
Isolation of the fungus was not attempted. 

Two important contributions to the subject appeared in 1933. 
Ejaudson (14) repeated his experiments with Caiima with greater 
precision and presented new evidence that calcium hypochlorite 
effectively sterilized the seed. Using Rayner’s microscopic technique, 
he was again unable to detect mycelium of any kind in seedlings grown 
on agar. Root formation vras completely inhibited on such agar 
substrates as potato dextrose and those containing peptone, but 
seedlings rooted normally on favorable media, i. e., the rooting response 
was obviously controlled by the composition of the substratum. 
Again Phoma failed to appear in any of the cultures. Friesleben {9) 
isolated from the roots of Vacciniwm myrtillus a mycorhizal fungus 
that reproduced the ^dmot’^ type of mycorhiza in seedlings grown from 
surface-sterilized seed. The fungus, which failed to fruit, w^as ten- 
tatively called Mycelinm radicis myrtilli. The plants were grown in a 
peat-sand mixture, in flasks that were sterilized and handled asepti- 
cally throughout the experiment. Employing Raynor’s technique, 
Friesleben was unable to find the attenuated form of infection in his 
“sterile” plants. In one important respect his results confirmed those 
of Rayner, namely, that seedlings in the fungus-free flasks failed to 
produce roots and soon died. 

Using the same technique as before, Friesleben {10) in 1934 isolated 
four root fungi from three Vaccinium species (two strains from U. 
myrtillus and one each from F. vitis-idaea and V, uliginosum), each 
of which induced formation of true mycorhiza not only in its original 
host plant but also in the other three species of Vaccinium and in F. 
oxycoccus as well. Stimulation to root and shoot growth accompanied 
synthesis in all cases. None of the fungi fruited. Still more import- 
ant, Friesleben found that the stimulus to root formation in sterilized 
peat was brought about equally well by several nonmycorhiza-fornaing 
fungi isolated from soil surrounding roots and from surfaces of vege- 
tative parts of native plants. A culture of Rayner’s Phoma radicis 
callunae parasitized F oxycoccus but reacted toward F. mtis-idaea in 
the same manner as the other nonmycorhiza-forming fungi. These 
discoveries compelled Friesleben to abandon the idea of specific and 
obligate symbiosis in Vaccinium and to hold instead that root suppres- 
sion is due to an unfavorable condition in the rooting medium, which 
may be corrected by^ the presence of various fungi whether or not they 
are mycorhiza forming. He pointed out that fungi might alter the 
substratum^ either by secreting substances needed by the higher plant 
or by brealdng down toxic substances produced during sterilization. 

A comprehensive series of experiments with ericaceous mycorhiza 
was reported by Friesleben in 1935 (11). Seedlings of 21 species in 13 
genera, representing all except 2 tribes of the Ericaceae, were grown 
in sterilized peat, and except for the tribe Arbuteae all the species 
exliibited growth repression sinnlar to that found earlier (iO) in 
Vaccinium species. ^ The repressive effect disappeared wEen the 
sterilized peat was inoculated with living cultures either of the root 
fungi previously isolated from Vaccinium spp. {10) or of certain other 
nonmycorhiza-forming soil fungi. Mycorhiza was produced by the 
Vaccinium endophytes in most of the species . Seedlings in asy mbio tic 
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cultures on favorable nutrient agar rooted and grew well^ but 
quite so vigorously as in inoculated sterilized peat. On the other 
liandj repressive effects similar to those of sterilized peat developed 
in cultures on the following media: (1) Ether, alcohol, and water 
extracts from peat; (2) agars containing peptone, malt extract, and 
potato; and (3) extracts from fungus mycelium. Friesleben concluded 
that the stimulating effect of fungi on heath plants is brought about 
by inactivation, destruction, or absorption of repressive substances in 
the rooting medium, rather than by secretion by the fungi of sub- 
stances stimulating to the higher plant. 

In the mass of conflicting evidence and opinion outlined above, 
investigators have agreed that ericaceous plants generally possess 
mycorhizal fungi in a form variously referred to as^^ffryphal complex,’’ 
^‘knot/’ or “Hyphenknaiiel/’ because of the typical structures pro- 
duced by the fungi in root ceUs. Fungi isokted from these ^hyphal 
complexes” have been found to reproduce similar structures under 
experimental control in Calluna vulgaris (by Christoph), Vaccinium 
corymbosum and V, 'pennsylvanicum (by Doak), and F. myrtilluSf V. 
vitis-idaea^ and V. uliginosum (by Friesleben). Friesleben’s Vaccinium 
endophytes also produced the hyphal complex type of mycorhiza in 
10 additional genera of Ericaceae, including (7. vulgaris. The endo- 
phytic fungi isolated by these investigators failed to produce spores 
when grown in pure culture. Plants grown in the absence of the 
endophytes apparently developed normally when certain other neces- 
sary conditions were provided. 

On the contrary, there has been lack of agreement regarding the 
role attributed to Phoma radicis, Eayner’s views have been repeatedly 
and clearly set forth, as indicated by excerpts in the foregoing review. 
Two of the fundamental claims she makes for the fungus have been 
placed in a doubtful category by other workers, since (1) root suppres- 
sion has been attributed (by &iudson and by Friesleben) to factors 
inherent in the rooting medium rather than, as Rayner postulates, to 
lack of P^oma in the plants and (2) the actual existence of systemic 
infection in the form of “fine hyphae” has been openly questioned. 
Confirmation of the latter phenomenon has come only from observers 
(Dufrenoy, Rivett, Addoms and Mounce) who have examined ma- 
terial microscopically but have not attempted to grow the fungus 
and host apart from one another. Those who have isolated endo- 
phytes from roots (Christoph, Doak, and Friesleben) or who have 
grown plants for the specific purpose of determining whether my- 
Gorhiza is indispensable (Stahl and Knudson) have not confirmed it. 
The widely circulated view that P. radids is the fungus causing true 
mycorhiza in the Ericaceae is not based on experimental proof, since 
every strain of Phoma so far isolated has failed to produce the hyphal 
complex form of mycorluza under controlled conditions (Ternetz; 
Rayner; and Friesleben (10^ p. 44^))- 

SCOPE OP THE PRESENT INVESTIGATION 

The present paper reports isolation of root endophytes from four 
ericaceous species — Vorccinium morcrocarpon Ait., V. canadense Kalm., 
Chamaedaphne calycvlata (L.) Moench, and Ledum groenlandicum 
Oeder. — and a method of synthLesi 2 ing ilxycorhiza in a sterilized agar 
medium. Although the endophyte® from the four host plants have 
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fruited, marked growth dilferences in culture leave little doubt 
that the fungi are specifically distinct, and none of them resembles 
Phoma radicis as described in the hterature or as compared with a 
culture of P, radicis callunae Rayner, obtained from the Central- 
Wreau voor Schimmel Cultures in Baarn, Netherlands. Originating 
from three different host genera, all four^ fungi produce hyphal com- 
plex infections in roots of cranberry seedlings (V, macrocarjpon) gTo\sfn 
on agar under pure-culture conditions. The freedom with which the 
fungi penetrate roots, as well as the rooting response of seedlings, is 
shown to be markedly influenced by the constitution of the substrate. 

ISOLATION OF THE ENDOPHYTES 

The cranberry endophyte was isolated from roots of seedlings grown 
in the greenhouse in Washington, D, C., in peat brought from a com- 
mercial cranberry planting in Wisconsin the previous fall and kept 
moist until used. Seeds were planted in January and February 1932. 
Seedlings started emerging about 3 weeks after planting, and a month 
later some of the roots on most plants were typically infected with the 
hyphal complex form of mjrcorhizal fungus. 

Isolations were made without previous surface sterilization of the 
roots. Roots were thoroughly w’-ashed in sterilized water with a soft 
camers-hair brush and layers of epidermis one cell in thicloiess were 
stripped from them with No. 12 steel needles. After the positions of 
favorably located infected cells had been carefully noted under the 
compound microscope, the strips were transferred to a watch glass, 
where the epidermal tissue was further dissected into pieces of some 
half dozen cells or less, containing a minimum number of infected 
cells. Five or six of these pieces were transferred to the surface of a 
thin layer of nutrient agar on a cover glass, covered with a small drop 
of clear water agar, and then inverted over a Van Tieghem cell with 
a drop of sterile w^ater in the bottom. In the most favorable prepara- 
tions the pieces of epidermis lay parallel to and near the cover glass, 
completely embedded in agar, so that growth from the mycorhizal cells 
could not only be watched under a 4-mm objective but could also be 
photographed in situ with a fair degree of success. 

Out of a large number of slides prepared in tins manner, most of the 
tissue pieces remained sterile, a few were evidently contaminated, and 
16 yielded pure cultures of the endophyte. As observed under the 
microscope, the first indication of growth in the mycorhizal cells was 
an increase in the mass of internal hyphae, sometimes to the extent of 
distending the cell walls considerably before the hyphae broke through. 
Some 40 hours or so after the cultures were started, hyphae began to 
pierce the walls and to grow into the agar at an extremely slow rate. 
The slides were held under observation for at least 6 days, after which 
the developing fungus growths were transferred to test tubes of 
nutrient agar. Plate 1, A to O', illustrates the development of hyphae 
in one such preparation that contained three ^finycorhizal cells^/ 
(indicated as a, 6, and c). In plate 1, A, photographed 44 hours after 
the slide was prepared, a hypha had just emerged from cell a; there 
was no growth from the other two cells. In B, 92 hours old, a second 
hypha had made its appearance, coming from cell 6. 0 shows the 

condition at 139 hours, with cell c greatly swollen by the development 
of internal hyphae. A short time later, numerous hyphae grew out 



818 


Journal of Agricultural liesearch 


Vol. 55, no. II 


from cell c and tlie entire piece was transferred to a test tiibe.^ IJ sli5w^ 
another preparation pliotograplied when 6 days old, in which several 
hyphae had eiiierged from the torn end of the single inycorhizal cell. .■ 

*'The same method of isolation was followed with the other three host 
species except that, instead of using roots of seedlings, mature plants 
were dug, all fine rootlets were removed, and the plants were reset in 
the same soil. Isolations were made from newly formed rootlets as 
soon as m3^corhiza formation \vas evident. This part of the work was 
carried out during the summer of 1932 in Wisconsin, where equipment 
was lacking to make photographic records; however, the .development 
of hyphae was very carefully noted under the Ixigli powers of the 
microscope. Vaccinium canadense gave exceptionally satisfactory 
preparations, as the infected epidermal cells separated easily and two 
transfers of completely free single cells were obtained, each of which 
yielded a culture of the fungus. A total of 8 isolations of the F. 
cwnadense endophyte, 14 of the Chamaeda'phne endophyte, and 2 of 
the Ledum endophyte were secured. All fungi from each host plant 
were identical in culture. 

CULTURAL CHARACTERISTICS 

The cultures were subsequently grown on a wide variety of media, 
including most of the common laboratory sorts, and were subjected to 
various light and temperature conditions in unsuccessful attempts to 
induce sporulation. Aside from the fact that all four fungi have 
septate hypha®, no morphological characters have been developed that 
would help to determine their systematic relationsMps. The most 
prominent characteristic of the fungi as a group is their extremely slow 
rate of growth, the cranberry fungus having a radial growth of about 
0.25 mm per day at room temperature on most media; the blueberry 
(Vmcinmm cwnadense) fungus, about 0.10 mm; the Ledum fungus, 
about 0.20 mm; and the fungus, about 0.40 mm. 

Individual hyphae of the cranberry fungus are invariably hyaline. 
On some media they remain relatively slender and separate, with the 
definitely self-limiting colony submerged (pi. 2, A, c), and they are 
cartridge buff ^ in color. On other media, notably on onion and 
beer-wort agars, the colony becomes semistromatic with cells greatly 
swollen and^ densely packed with oil globules, the fungus tissue 
eventually piling up on the surface and breaking into numerous folds 
and fissures (pi. 2, c). In the latter condition and in older cultures 

on some other media the colony assumes a chamois or Natal-brown 
color. 

The blueberry {Vacemium canadense) fungus presents an extreme 
contrast. ^ Here the colony is. dark ivy green to olivaceous black, and 
the individual hyphae are smoky, even showing a dark tinge in hyphal 
walls when forming ^^knots^^ in the lumina of cranberry root cells. 
The colqnx^ does not grow as large as the cranberry fungus (pL 2, d). 

The major portion of the colony is submerged, but it is usually covered 
with a velvety layer of erect aerial hyphae about 0.5 mm in length. 
Oil globules occur in abundance on most media. 

The Chamaedaphne endophyte has hyaline hyphae that on some 
media become dark-colored with age. The colony on most media is 
dark-colored, and a thin layer of aerial hyphae above darker sub- 

3 Color names used are Jiccording to HidgWas? . 
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Plate i 



Cranberry mycorhizal fungus isolations. A, Culture No. 24, 44 hours after being placed in hanging drop 
of agar. The eight-celled piece of root epidermis contains three hyphal complex cells (a, b,c). A hypha 
has emerged from cell a; no growth from cells 6 and c. X 750. B, Culture No. 24, 92 hours old. Hypha 
at a has elongated, a second hypha has emerged from cell 6, and cell c is beginning to enlarge from internal 
growth of hyphae. X 500. C, Culture No. 24, 139 hours old. Oeh c is greatly enlarged by internal 
growth of hyphae, X 270, B, Culture No. 25, 6 days old. Hyphae emerging from torn end of single 
myoorhizal cell. X 240. 



Myc^hizal fungus colonies; /I, 44 days old on modified McArdle agar; B, 47 days old on onion agar: 
Cnmmmaphne b, Ledum endophyte; c, cranberry endophyte; d, blueberry endophyte. 

M?A d?e ^ difference m type of growth between a and b on onion agar and a and b on 
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"merged raycelium produces a mass effect of deep olive gray to oli- 
vaceous black, On some media the color is deep mouse gray, with a 
margin almost colorless (pi. 2, A, and J5, a). The hyphae penetrate 
more deeply into the agar than do the hyphae of the two fungi just 
discussed, and in test tubes the colony eventually covers the entire 
agar surface; that is, it is not self-limiting. Oil is not ordinarily 
formed in the hyphae. 

The Ledum fungus hyphae are hyaline at first and remain so on some 
media while becoming dark with age on others. The colony is 
mummy brown to fuscous black practically to its margin. On most 
media the mycelium is submerged, but occasionally aerial tufts of 
pale gull-gray to dark olive-gray hyphae are produced (pi. 2, A, b, and 
By b) The colony rarely extends to the edge of the agar surface. 
Oil is formed abundantly on some media and is entirely lacking on 
others. The Ledum and Chamaedaphne endophytes bear more re- 
semblance to each other than to any of the other fungi, but exhibit 
well-defined differences on every medium so far used (pi. 2, A and B). 

The cultures have been maintained since 1932 on a modification of 
the agar used by McArdle (15 yp. 299 y footnote) y made up as follows: 


Grams 


Agar 15 to 20 

Maltose 2. 0 

Dextrose 2, 0 

Soluble starch 2. Q 

MgS04 - .50 


Grams 

Ca(N03)2---- - 0.50 

KH2PO4 . 25 

Cubic 

centimeters 

H2O (distilled ) 1, 000 


To this formula a small amount *of peptone is sometimes added, to 
the advantage of the fungi but spoiling the usefulness of the culture as 
a source of inoculum because of the repressive effect of the peptone 
on seedling cranberry roots. Various sugars have been satisfactorily 
substituted for those named, and ammonium sulphate (]SIH 4 ) 2 S 04 , may 
partly or completely replace the calcium nitrate, Ca(N 03 ) 2 , as a source 
of nitrogen. 


SYNTHESIS EXPERIMENTS WITH THE CRANBERRY MYCORHIZAL 

FUNGUS , 

METHODS AND OBJECTIVES 

After numerous attempts had been made to obtain root infection 
in cranberry seedlings growing in agar, the following method was 
found to give consistently good results: Sterile seed was planted in 
test tubes on 0.85- or l-percent agar, made with distilled water, to 
which no nutrients of any kind were added. Sterile seed was obtained 
either by transferring seed directly from surface-sterilized sound 
berries or by treating cleaned seed with calcium hypochlorite solution 
(lOy 14} etc.) for 30 minutes or longer. In this connection it may be 
mentioned that cranberry seed germinate with much greater regularity 
if permitted to remain in the fruit until January at a temperature 
sufficiently low to keep the berries in prime condition (4, pf 10). 
Both methods of sterilization of seed fail to meet Rayner^s view that 
it is not possible to eliminate endosperm-borne mycelium of Phoma 
rudicis ivom the seeds. This matter is considered at length in a later 
section, but it may be pointed out here that literally hundreds of 
plantings have been made on water agar and on nutrient agars 
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favorable to the growth of the cranberry root endophyte withoiltr 
once encoimteriiig Phoma radicis in culture (pi. 3, A to D). 

As the seed germinates the roots penetrate the agar freely and in 
most cases remain slender and bright-colored, branch naturally, and 
appear to be normal and healthy in all respects. The plants grow for 
3 or 4 months without showmg marked signs of nutritional deficiences, 
reach an average height of about 4 em, and produce six or more true 
leaves. At the end of the period they differ from plants grown in soil 
mainly in having somewhat longer internodes, fewer and slightly 
smaller leaves, and a much reduced root system. If transplanted to 
soil from water agar while actively growing, the seedlings will thrive 
as well as soil-planted seedlings of the same age. ^ In the tubes the 
plants may remain alive and green for a year provided the agar does 
not dry out. Exposed roots redden in bright sunlight. Plate 3, 
illustrates an average 16-weeks-old jffant grown in water agar. 

An occasional lot of distilled-water agar proves to be somewhat 
unsatisfactory. Here the roots cease growing, after penetrating a 
short distance into the agar, and send out numerous abortive branches, 
and the entire root system loses its bright, clear color, turning brown 
or black. The aerial portion of the plant is not afidcted, although 
there is a tendency to produce adventitious roots above the agar. 
This is apparently a mild form of toxicity due to the medium. More 
severe cases of toxicity brought about by adding various substances to 
the agar are discussed later. 

The seedling cultures may be inoculated with the mycorhizal fungus 
at the time the seed is planted, or if it is preferred to test the sterility 
of the seed the operation may be delayed until after the seed has 
germinated. Inoculations are made simply by spreading liberal 
quantities of crumbled fungus tissue from stock cultures (p. 819) 
among the seeds or plants (pi. 4, A). Hyphae from each piece of 
inoculum grow remarkably long distances into the nutrient-free 
medium. Mycorhiza formation takes place almost immediately after 
the slowly advancing hyphae come in contact with the roots. The 
hyphae follow the roots into the agar far beyond the depth to which 
they would otherwise penetrate, and continue to form mycorhiza as 
they advance. 

The type of infection that develops in the water-agar cultures 
appears to be identical with that in natural cranberry mycorhiza. 
After entering an epidermal cell (pi. 4, B), the hypha coils and branches 
freely within the lumen (pi. 4, B and C) until the enveloping mycelial 
mass finally fills the cell completely (ph 5, B), The end result is 
digestion or disintegration of the mycelial mass within the cell exactly 
as it occurs in nature {W, pp. 268-269), The prevailing pattern of 
infection consists of infected epidermal cells, either single or in small 
groups, separated by larger areas of fungus-free tissue (pi. 5, A and B), 
Internal hyphae have been observed to pass from ceU to cell (pi. 5, O), 
but apparently the plant inhibits an extensive spread of the fungus in 
this manner; the completely infected epidermal areas often encoun- 
tered probably result from separate external infections. The fungus 
has neyer been observed to penetrate more deeply into the root than 
the epidermal layer. Infection is strictly limited to root tissue, never 
occurring above the root-stem tr^sition zone, despite the fact that 
external mycelium frequently advances well up the stem under agar- 
culture conditions. 
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PLATE 3 



.4,' Sterile cranberry seed planted on modifiesd MeArdle agar February 5, 1934. B, Tube of same agar 
inoculated with cranberry root endophyte. Cand jD, Same cultures as in A and B, 29 days later. Note 
that seed culture remained sterile aftbongb, medium is favorable to growth of endophyte. B,. Axmrage 
16-weeks-old cranberry seedling grown on sterile distilled^water agar- X IH. 
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PLATE 4 



*4, Culture of eranberry seedlings on distilled-water agar» planted January 16, 1934, inoculated with the 
cranberry root endophyte January 29; photographed February 28. Plant a was removed March U), wlieri 
photomicrographs of mycorhiza, reproduced iu plate 5, A and B, were made from its roots. X l V‘'> B 
Cranberry mytwrhizal fungus entering epidermal cells of cranberry seedling root in distilled-water agar 
culture; seed planted January 15, 1934, inoculated January 29; photographed March 13. X 963. C 
Epidermal c«h almost filled by myeorhizal mycelial complex. Prom same culture as B, photographed 

j.YL®rcji A'xy iyd4* X wOu* 
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Several qiiestioiis immediately arise in regard to the significance of 
infections obtained in the manner described. Do they provide con- 
clusive proof that the fungus is in fact identical with the endophyte 
that produces similar structures under natural conditions? In other 
wordsj is this true mycorhiza formation? Or is it more probable that 
the plants are partly starved when grown on nutrient-free agar and 
consequently have lost their ability to resist invasion by the fungus? 
Is the plant either injured or benefited as a result of the infection? 
Will fungi from other sources produce similar formations in the roots? 
Is Phoma radicis present systemically in both inoculated and uninoc- 
ulated plants? If Phoma f rather than the fungus isolated by the writer, 
is the true endophyte, why does it not produce the “mycelial com- 
plexes^^ under these conditions as the cranberry fungus does? In an 
attempt to answer these and related questions numerous experiments 
have been conducted. 

Agar rather than sterilized soil was used for the inoculation experi- 
ments because it appeared to offer certain advantages over soil, partic- 
ularly in respect to the ease of varying the nutrient composition of the 
substrate and of observing the behavior of fungi, whether introduced 
intentionally or accidentally. The stock culture medium (p. 819) 
that had proved favorable to the fungus was first tried, with disap- 
pointing results. Koots coming in contact with the agar did not grow 
normally, but soon turned brown and failed to penetrate into the 
medium. (Compare pis. 3, C, and 4, A.) In the inoculated series the 
fungus enveloped the surface-lying roots with a dense weft of hyphae 
but only on rare occasions penetrated into epidermal cells to produce 
characteristic hyphal complexes. These few instances of infection, 
however, closely resembled mycorhiza and made it appear that the 
true endophyte was being used, but under conditions not conducive to 
abimdant infection. Proceeding next on the assumption that the 
fungus might obtain food materials from roots if not available in the 
culture medium, nutrient-free agar was tried, resulting in immediate 
and at times extremely heavy infection as noted above. 

RESULTS OF EXPERIMENTS 

In a series of water-agar cultures started in the spring of 1935, 6 
seeds were planted in each of 284 test tubes, 142 of winch were inocu- 
lated with the cranberry endophyte. Frequent microscopic examina- 
tion show^ed that plants in the inoculated series were invariably myco- 
rhizal w^hile those in the uninoculated checks lacked mycorhiza. At the 
end of 16 weeks 750 plants remained in the inoculated series and 767 in 
the checks. At this time the average height of 25 random plants in 
the inoculated series was 41 mm and in the uninoculated series it was 
39 mm; both lots had an average of 7 true leaves. All the plants 
were then removed, with root systems intact, and were thoroughly air- 
dried and weighed. The weight per plant in the inoculated series 
was 3.64 mg and in the uninoculated series 3.63 mg. The seed reserve 
obviously must have supplied practically all mineral nutrients used 
by the plants grown under both conditions; the fungus did not se- 
riously deplete the store; and nitrogen availability and starch forma- 
tion must have been about equal in the two lots. It appears, then, 
that the fungus was neither injuriously parasitic nor beneficial to the 
plants under the conditions of the experiment. 
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Some curious results were obtained in another series of plantings in' 
1935, in which an attempt was made to find out whether the fungus 
derived certain substances or elements from the roots. With modified 
McArdle agar as a base, one after another of the chemical compounds 
was omitted, and by making substitutions in the formula, a single 
element at a time was eliminated. The formulas were made up as 
shown in table 1, with 15 g of agar and 1,000 cc of distilled water added 
to each except to the nutrient-free agar. 

The cranberry fungus was grown for 2 months in a tube from each 
lot, after which transfers were made from the edges of the colonies to 
fresh lots of the same agare. Tlie diameters of the colonies on the 
subcultures were measured when tlie colonies were 19 days old; the 
results are shown in plate 6, A. There was definite growth in every 
lot, though the sparse development of hyphae in No. 1 and the reduced 
rate of growth in No. 10 were decidedly subnormal. Growth was 
slightly subnormal in all others except Nos. 2 and 9. 

On February 5, seed from surface-sterilized berries were planted, 
five or six to the test tube, on the agars described above. Germina- 
tion was irregular. Half of the tubes were inoculated with standard 
agar cultures of the cranberry fungus after the seed germinated. The 
other half were held as checks. The tubes were capped with waxed 
paper and kept in the greenhouse for 16 weeks. Boots from both inoc- 
ulated and check lots were examined at frequent intervals for fungus 
infection. At the conclusion of the period 25 plants from each lot 
were measured, and all plants were carefully removed, air-dried for 4 
months, and weighed. 

Marked differences in growth were evident from the beginning, 
showing in such respects as height, color, and thickness of stems; size, 
number, and color of leaves; numbers and branching of roots; penetra- 
tion of roots into the agar; and formation of adventitious roots that 
grew along the glass surface opposite the agar. Notes are summarized 
in table 2 and charted in plate 6, 




/i, Root from plant a (pi. 4, ^4), pliotoirrapbed March 40, 1934, showing distribution of infected (dark-col- 
ored) epidermal cells. X 167. B, Mycorh^a from plant a (pi. 4, yl), photographed March 10, 1934; in 
four infected cells the mycelium is in early stages of digestion; in lower right the hyphal coils have not 
quite filled the cell. X 750, C, Early stages of infection in water-agar culture; hyphae branching and 
beginning to coil in cell a and passing through cell walls into 6 and c; a branch from c has started into d ; 
photogi-aphed March 23, 1934. X 750. 






AA?emge plant? in the 1935 agar-culture series (tables 1 and 2); in each pair, plant on left is from inocu- 
lated culture, on right from uninoculated culture; blocks represent relative ciiaineters of cranberry mycor- 
hizal fungus colonies on the respective agars (1-12) when 19 days old; individual plants were photographed 
and the ptints were inked over after being assembled, thus making roots appear considerably heavier 
than they actually were. X approximately B, Cranberry seedlings 60 days from date of planting, 
grown in («) cork-sand mixture, not inoculated, not mycorhizal;. {b) cork-sand mixture, inoculated with 
cranberry mycorhizal fungus, all roots above z infected; (c) distilled-water agar in test tube, inoculated 
with mycorhizal fungus, mycorhizal; (d) Wisconsin peat, mycorhizal; traced root by root under enlarging 
camera; diameter of roots enlarged for illustration. X Approximately ^4. 
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Iable 2. — Data on agar-culture series of cranberry seedlings in 1935 
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Table 2^ Data on agar-culture aeries of cranberry seedlings in Continued 
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Any attempt to interpret these results evidently must be made 
by comparing the behavior of plants in nutrient-free agar (No. 12) 
with that of plants in either complete agar (No. 11) or in the agar in 
which the plants most nearly approximated normal soil growth (No. 
7, unincculated). The growth differences between inoculated and 
uninoculated plants on nutrient-free agar, as pointed out, were not 
measurable. On complete agar the only apparent difference was 
an increase of 20 percent in weight of the inoculated plants over the 
checks, wliile these inoculated plants were but 33 K percent heavier 
than either inoculated or uninoculated plants grown in nutrient-free 
agar, and were only slightly taller and produced but one more leaf. 
The plants that grew the tallest stems and the greatest number and 
largest sized leaves (No. 7, uninoculated) weighed slightly less than 
those on the inoculated complete-nutrient agar. In the light of these 
relations it must be concluded that wherever growth was subnormal 
as compared with plants in the nutrient-free agar, subnormal growtli 
was due to direct injury exerted by the unbalanced substrate and 
not to deficiencies in the agar. Koots of subnormal plants responded 
by failure to penetrate the agar freely (in extreme cases becoming 
tiiberculate in contact witli it), or by turning brown or red, or by 
developing adventitiously or branching freely out of contact with tlie 
agar. This condition was apparently comparable to the root toxicity 
found by Friesleben {9,^10, 11) in using fiingiis-free sterilized peat, 
and lends support to Knudson/s suggestion (l4) that the failure of 
Rayner’s agar-culture Calluna to form roots was probably 

dirk’tly attributable to conditions existing in the substrate. The 
cranberry plant, by way of contrast, with its remarkable rooting 
capacity, was able to survive on these unfavorable media for long 
periods, although stems, leaves, and roots in contact with the agar 
often showed injury. 

Considering the combined effect of media and fungus on the plants, 
it was found that in three instances (Nos. 4, 5, and 10) the inoculated 
plants grew better than their uninoculated checks, and in three cases 
(Nos. 6, 7, and 9) the reverse was true. Where the inoculated plants 
were superior, there was a trace of mycorhizal infection in two lots, 
none in the other (No. 10); height of plants and general appearance 
were inferior to the water-agar cultures, though dry weight per plant 
was greater, and roots were abnormal. In those lots in which the 
checks were superior the plants grew decidedly better than the water- 
agar cultures in two cases (Nos, 6 and 7) and at least equally well in 
the other (No. 9), and the roots were almost normal in appearance. 
The plants in No. 1 also produced normal roots both in inoculated and 
check cultures; in growth they were intermediate between the water- 
agar and complete-agar cultures; and mycorhiza formation in inocu- 
lated plants in this carbohydrate-lacking medium w-as more abundant 
than in any other medium except water agar. Taking all tliese 
relations into consideration, the following conclusions appear to be 
justified: 

(1) The culture media as made up were injurious to the plants 
except in Nos. 1, 6, 7, 11, 12, and possibly 9. 

(2) The injury wms of a toxic nature and was not due to specific 
nutrient deficiencies. 

(3) Presence of the fungus in the cultures tended either to reduce 
the toxicity (Nos. 4, 5, and 10) or to intensify it (Nos. 6, 7, and 9), 

■■ ' 41931 -— 38 ~a", . 
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according to the changes in the medium brought about by metabolic 
activity of the fungus. 

(4) Little information was gained regarding the role played by the 
fungus in the mycorhizal association. However^ it was noted that in 
niitrient“free agar (No. 12) inoculated plants were invariably myco- 
rhizal but no heavier than their nonmycorhizal, uninoculated checKs ; 
while in the partial or complete nutrient media Nos. 2, 3, 4^ 5, 8, 10, 
and 11, plants from inoculated cultures gained in weight over corre- 
sponding check plants without developing mycorhiza to any extent. 

(5) In order to enter the roots freely the fungus must be partially 
starved^ or the roots must be growing satisfactorily in the medium, 
or both, 

(6) Absence of carbohydrates in the medium favors infection. 

(7) Cranberry roots are so sensitive to the medium in which they 
are growing that caution must be exercised in attributing root or 
plant response to a single factor of the complex plant-medium-fungus 
association. 

Similar changes in root and plant responses are brought about by 
the cranberry fungus in culture media prepared from extracts of plant 
substances. For example, corn-meal agar was detrimental to the 
growth of cranberry seedlings. The plants remained small, leaves 
were yellowish green, and the roots stopped growing abruptly where 
they touched the agar, but produced dense mats of reddish-brown 
branches along the sides of the tubes away from the agar. In tlie 
inoculated series plants were nearly twice as tall, leaves were larger 
and greener, and root development took place almost entirely within 
the agar. In malt-extract agar roots were incapable of penetrating 
the uninoculated medium and invariably produced jet-black tubercular 
or nodular structures where they touched it. Inoculated plants 
lacked both the blackening and tubercularization, though roots did 
not penetrate into the agar. 

In another series of experiments the ground-cork and sand mixture 
described by McArdle {15, footnote f. 801) was used as a medium 
instead of agar. Test tubes were filled to a depth of 6 cm, a small 
amount of the nutrient solution recommended by McArdle was added, 
and the tubes were autoclaved and inoculated with the cranberry 
fungus on December 1,^ 1932. By February 4, 1933, mycelium had 
penetrated about 1 cm in the tubes. Single sterile plants, which had 
been planted on standard agar (p. 819) 4 weeks previously as a test 
for sterility, were then transferred to a number of the tubes. Typical 
hyphal complex infection was present in roots when the first examina- 
tion was made on March 14, and before the end of the month most 
of the roots were heavily infected. Root elongation soon ceased, 
and the tips enlarged and turned brown. Most of the tubes had 
dried out when the experiment was concluded April 12. In those 
tubes that were still moist, the roots had penetrated only 1 cm and 
lateral roots were short and stubby; but numerous new branches 
were breaking through just behind the arrested tips, some of which, 
not more than 3^ mm long, were already mycorhizal. Root growth of 
plants in the uninoculated test tubes was entirely similar, except that 
in no instance was hyphal complex infection present. It was evident 
that in both lots some condition of aeration or chemical composition 
was not entirely favorable to root growth. 
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Root growth comparable in type and extent to that occurring in 
normal cranberry soil (peat) was finally attained, but not under pure- 
culture conditions. On March 3, 1933, ten 2-inch pots were partly 
filled with the cork-sand mixture and sterilized. Then, without at- 
tempting to maintain sterihty further, inoculated cork-sand mixture 
from the December 1 cultures was added, and 10 seeds, transferred 
directly from surface-sterilized berries, were planted in each pot. 
Ten similar uninoculated pots were prepared. The two lots were 
placed some distance apart on a bed of coarse cinders on a greenhouse 
bench, sprinkled with tap water, and cared for in the routine manner, 
except that after germination a liberal application of nutrient solu- 
tion (p. 828) was given every tenth day. Seed germinated and grew 
similarly in the two lots. On May 2, 12 inoculated and 6 check 
plants were removed and carefully washed, after which the root 
systems were accurately traced under an enlarging camera. All 
roots of the 18 plants were then examined under the microscope for 
mycorhizal infection. 

Mycorhiza formed in all 12 inoculated plants. Practically all roots 
were infected throughout except near the growing points and occa- 
sionally deep in the pots, the general distribution and abundance of 
mycorhizal cells being very similar to naturally infected roots grow- 
ing in peat. The roots of the check plants were entirely free from 
hyphal complexes, though external hyphae of contaminating fungi 
frequently grew along and around them. A careful comparison of 
the root systems fafiecl to disclose any consistent differences in amount 
or type of branching or extent of development between inoculated 
and check plants.^ ^ The roots of both lots were bright and clear 
throughout, exhibiting no symptoms of repression such as had de- 
veloped when plants were grown in test tubes. A typical inoculated 
plant is iUiistrated in plate 6, R, 6; an uninoculated plant grown in 
cork-sand mixture in R, a; and, for comparison, an inoculated plant 
grown on distilled water agar in B, c, and a normal peat-grown plant 
of the same age in S, d. 

The final answer to the question whether mycorhiza formation is 
indispensable to the host will not be known until plants have been 
carried to the fruiting stage in an aseptic environment in the presence 
and in the absence of endophytes. This has not been accomplished 
with the cranberry or with any other species of the Ericaceae, It is 
submitted that the evidence presented definitely establishes the 
fungus used in the experiments as the one which pi’oduced hyphal 
complexes in roots from which it was isolated. Given the true en- 
dophyte, the next step toward solution of the problem will be to find 
a sterilizable medium in which both roots and fungus will grow" nor- 
mally under aseptic conditions. The extreme sensitivity of cranberry 
roots to their environment was conspicuous throughout the experi- 
ments just described. Friesleben {9, 10^ 11) has shown that roots of 
numerous other heath plants will not develop normally in heat- 
sterilized peat soils. 

SYNTHESIS EXPERIMENTS WITH THE ENDOPHYTES OF CHAMAE- 
DAPHNE, LEDUM, AND VACCINIUM CANADENSE 

In several of the agar-culture experiments reported above, parallel 
series of cranberry seedlings were inoculated with the endophytes of 
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Ghamaedaphne^ Lediim^ and Vaccinium canadense. It was found that 
the three fungi were capable of entering epidermal root cells almost as 
readily as the cranberry fungus and that they produced similar 
liyphal complex structures, distributed along the roots in a similar 
manner, without appearing to be injuriously parasitic to the plants. 
Except in water agar, striking changes in plant and root growth were 
likewise brought about by inoculating the medium, although the four 
fungi did not always induce similar responses in the same medium. 

Minor differences, correlated in large part with mycelial characteris- 
tics, were discernible in the hyplial complexes. For example, the 
Vaccinium canadense complex was always somewhat dark in gross 
appearance, owing to the color in hyphal walls (pi. 7), and the Chamae- 
daphne (pL 8) and Ledum (pi. 9) complexes were more hyaline than 
those of the cranberry and F. canadense fungi because of thinner hyphal 
walls. Nevertheless, observed separately, any one of the three would 
readily pass for typical mycorhizal infection (pi. 10). There appears 
to be no reason to doubt that in nature these three fungi, and probably 
others as well, if present in the soil, could enter into mycorhizal union 
with the cranberry. 

Friesleben {9, 10, 11) reported results similar to these in liis experi- 
ments, but Eayner and Smith (24, p> 262) found a high degree of 
specificity with Phoma radicis strains. 

CONCERNING PHOMA RADICIS 

Kayner’s hypothesis of my^corhizal relations in the heath family has 
held so conspicuous a place in the literature that her views should be 
given full consideration in discussing the subject. Briefly summed up, 
her hypothesis, with its implications, maintains that: 

(1) The mycorhizal fungus of the heath family is Phoma radicis, a 
fungus which has specific strains closely restricted to the various 
members of the family. 

(2) Tills PAo/nu Tamifies through the entire plant organism— roots, 
stems, leaves, flowers, fruits, and seeds. In Calluna infection of the 
seed is limited to the coat, while in Vaccinium the mycelium advances 
into the endosperm. 

(3) Heath plants therefore cannot escaiie being infected in nature. 

(4) In endosperm-infected species it is impossible to secure plants 
free from infection by any of the ordinary methods of seed sterilization 
(21, p. 63; 22, p, 381), ] 

(5) The mycelium exists in two dissimilar forms in the plant: (ai) 
Normal-sized hyphae, easily visible under the microscope, develop 
intracellularly in roots (hyphal complexes) under suitable environ- 
mental conditions; they may arise from the other form of mycelium 
present in the root, but more often they represent new infections from 
the soil, (h) The hyphae in the systemic form of infection, in roots 
as vrell as in above-ground organs, are generally so attenuated in size 
that a specialized technique is required to make them visible. They 
form continuous network of mycelium in the middle lamellae of 
walls” (20, p. 282) and are ‘^closely associated with the cell walls, 
pass[es] freely in and out of the cells” (21, p. 62), They sometimes 
occur in relatively large strands in intercellular spaces of leaves and 
stems (17, p, 116 et seg_.). 
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PLATE 7 



Synthetic mycorhiza in water-agar culture of cranberry, produced by Vaccinium canadense endophyte; 
A, Distribution of infected cells, X 375; detailed structure, X 750. 



Synthetic mycorhiza in water-agar culture of cranberry, produced by Chamaedaphne endophyte: A, X>is" 
tribution of infected cells, X 375; jB, detailed structure, X 750. 




Dec. 1 , 1937 Production of Synthetic Mycorhiza in the Cranberry 831 

» (6) Seedlings will not produce roots unless infected with Phoma; 

root formation per se is proof of infection. In this sense the myco- 
rhizal relation is obligate to the host. 

Each of these points will now be examined critically. 

(1) Is Phoma radicis the mycorhizal fungus of all heath plants? In 
the author^s experiments, four fungi, microscopically observed to 
originate from intracellular hyphal complex hyphae in roots of four 
heath species, reproduced the same type of infection when inoculated 
into roots of plants grown under completely controlled conditions. 
The four fungi entered cranberry roots with almost equal facihty, and 
the plants were not injured by their presence so far as could be deter- 
mined, i. e., there was no evidence of ordinary parasitism. Cultural 
characters proved conclusively that the four fungi were distinct from 
one another and from Phoma radicis, Christoph (d), Doak (7), and 
Friesleben (S, 10 ^ 11) reported similar results with other ericaceous 
species. If the term ^^mycorhiza” is to be applied to the hyphal 
complex union of fungus and roots in the heath family, Phoma radicis 
is not the fungus involved in the cases cited, nor is the ability of one 
fungus species to form mycorhiza restricted to a single host species. 

(2) The question of systemic infection by mycorhizal fungi in 
the heaths has been a matter of controversy, as is indicated in the 
review of literature. In the present investigations systemic infec- 
tion in either the check or inoculated plants could not be verified 
despite thorough search in both fresh and fixed material handled as 
nearly as possible according to Rayner^s published methods. Exami- 
nation of a large assortment of prepared slides from healthy stems, 
buds, flowers, and young berries made in connection with a liistological 
study of the cranberry false blossom disease also failed to disclose a 
single authentic instance of infection by ^Tne hyphae.” Christoph 
(d), Knudson and Friesleben (10) were likewise unable to find 
evidence of this type of infection in their material and held that the 
objects which Rayner called mycelium were most probably artifacts 
resulting from fixation or staining; but Rayner (18j 22) maintained 
that the inadequate technique of Christoph and Knudson prevented 
detection of the mycelium. She has not as yet commented , on 
Friesleben^s finding. 

Some of the writer^s material was submitted for examination to 
Dr. Ruth M. Addoms, who has conducted investigations on cranberry 
mycorhiza (I, 2)j and her report is here quoted in part: 

FolIowiBg are my notes on your cranberry cultures, wMcli I have examined with 
some care: 

(Al) [Water-agar cultures inoculated with the cranberry fungus].— Eoots long 
and red; fungus present externally and in epidermal cells- 

(A2) [ Water-agar check for above, not inoculated].' — No infection; not red. 

(Bl) [Water-agar cultures inoculated with cranberry fungus, younger culture 
than above].-— Boots red, much branched, infected. 

(B2, C2, and D2) [Uninoculated cultures on water agar, serving as checks for 
Bl, Cl, and Dlj.— Roots pobrly developed, stems long; no infection. 

(Cl) [Water-agar cultures inoculated with Vaccinium canadense fungus]. — 
Roots not very long and blackish, heavily infected; fungus much coarser and 
browner than cranberry fungus, with longer cells: some fungus on surface of stem. 

(Dl) [Water-agar cultures inoculated with Ledum fungus]. — Roots not very 
long; definitely infected. 

As these notes show, I have not found infection in your check plants. Also I 
have not found the fungus within the cells of the stem, although this part of my 
examination has been less thorough than my study of the roots. 
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Evidence of a different sort, though somewhat indirect, may be 
cited. At different times Rayner has reported isolating Phoma radicis 
from immature fruits as well as from seeds of Calluna; in fact, judging 
from a careful perusal of her publications, her isolations have invariably 
come from above-ground plant parts; but when worldng with the 
cranberry (^i), to her surprise she failed to find the fungus in seed 
cultures, a result, incidentally, confirmed by the writer (p. 819). The 
United States Department of Agriculture has conducted investigations 
of cranberry diseases continuously for 30 years, in the course of which 
cultures have been made from more than 100,000 individual berries, 
including a considerable number that were sound and immature, as 
reported by Shear 29, 30); Shear, Stevens, and Bain (31); Rudolph 
and Franldin (27); Stevens (33); Stevens and Bain (34, 35, 36); Bain 
(d) ; and Bergman and Wilcox (5). Phoma radicis has not appeared 
once in all these cultures, a circumstance that appears incredible if 
the fungus is invariably present in the fruit tissues and grows as 
readily on ordinary culture media as Rayner's publications indicate. 

It appears to the writer that the weight of evidence is distinctly 
against either Phoma radicis or true mycorhizal fungi occurring sys- 
temically in the cranberry. 

(3) Universal infection would be inevitable only in case systemic 
infection were invariable. In the writer^s opinion, heath plants in 
general are mycorhizal because humus-inhabiting fungi of different 
species, capable of entering into the relation, are widely disseminated, 

(4) The assumed impossibihty of growing seedlings free from sys- 
temic infection is also based on universal invasion of seeds. However, 
mycorhizal infection, applying the term in its ordinary sense to the 
miion of fungus and root (the hyphal complex relation in the case of 
heath plants), is quite another matter, and heath plants may be grovn 
entirely free from the fungus or fungi involved, as has been demon- 
strated by the writer and by Stahl (32), Christoph (6), Knudson (IS, 
1,4)7 and Friesleben (^, JfO, fi). 

(5) No proof has yet been advanced that Phoma radicis assumes two 
different forms in different parts of the plant. The intraceUular 
hyphal complex structures in roots, which Rayner attributes to Phoma^ 
are piodiiced by other fungi in Galium (6), Vaccinium corymbosum 
and V. fennsylvanicu7n (7), V. myrtUlus, V. vitis-idaea, and V. uligi- 
noswm (10), and U. macrocarpon. 

(6) The hypothesis of obligate^ relationship in the heaths was 
advanced to explain certain definite results obtained in a series of 
experiments, and its validity depends upon how completely and exclu- 
sively it meets observed conditions in its own and related fields. In 
the experiments on winch it was founded (17) plants otowu in agar 
cultures from ^'adequately” sterilized seed of ChZfcw failed to produce 
roots until inoculated with a fungus derived from the fruit (or seed?) 
of the plant. Examination of the plants disclosed systemic infection 
by extremely attenuated hyphae in the inoculated series but no infec- 
tion in the other lot. The fungus was therefore considered to be the 
stimulati V e factor bringing about root formation . To further strength- 
en the hypothesis, numerous cases of natural systemic infection in the 
same and related plants have been described subsequently, and in the 
genus Vaccinium (^i) a similar series of agar plantings w^as made. 
Plants from seed sterilized in a manner which would have prevented 
root foimation in Calluna here produced roots; but systemic infection 
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Plate 9 



Synthetic mycorhiza in water-agar culture of cranberry, produced by Ledum endophyte: -<*1, Distribution 
of infected cells, X 375; B, detailed structure, X 750. 



Natural mycorhiza in eranberry: A, Distribution of infected cells, X 375; B, detailed structure, X 1,250. 
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• was also present, the fungus having come from observed m37celium of 
the same type in the endosperm of resting seed. The coincidental 
development of roots with infection in these plants was cited as cor- 
roborative evidence of the obligate relationship. 

Opposing this interpretation, Knudson {IS, 14 ) and Friesleben {9, 
10, 11) attributed root suppression in sterilized media directly to an 
inhibitory factor existing in the substratum. In justification of their 
stand they have shown that if a given lot of sterilized seed is planted 
on two substrates diffei'ing in specified chemical or biochemical make- 
up, root growth is suppressed on one medium but not on the other. 
Such residts would not be expected according to Rayner’s hypothesis of 
root stimulation, because (1) if the sterilization were severe enough to 
completely eliminate seed-inhabiting fungi, roots should not develop in 
either lot, while (2) if the mycelium were not eliminated, both lots 
should produce roots. In the writer’s opinion, the evidence for the 
cranberry is less convincing in this respect because the rooting capacity 
of the cranberry is too great to permit complete root suppression as 
long as any part of the stem is alive; but the roots are nevertheless 
extremely sensitive to the composition of the substratum. 

The other phase of the obhgate hypothesis, namely, actual existence 
of systemic infection, has been discussed above. Until the invariable 
existence of systemic infection is more conclusively demonstrated, and 
until there is more definite proof that root suppression is due solely to 
lack of such infection, the hypothesis of obligate root stimulation b.y 
fungi ill the heath family cannot be considered valid. 

SUMMARY 

Mycorhizal fungi were isolated from ^‘hyphal complex” cells in roots 
of four ericaceous species — Vaccinium macrocar yon, V. canade7ise, 
Ohamaedaphne calyculatd, and Ledum groenlandicum — a distinct 
type from each species. 

The four fungi have not fruited in culture and hence could not be 
identified. They were obviously specifically distinct from each other 
and from Phoma radicis. 

All four fungi produced the hyphal complex form of myeorhiza in 
cranberry seedlings grown in sterilized agar. The cranberry fungus 
also produced myeorhiza in craxiheTij seedlings when the latter were 
grown in an inoculated artificial soil composed of ground cork and 
sand. The hyphal complex form of myeorhiza was completely lacking 
when the plant cultures were not inoculated with the endophytes. 

There was no evidence of injury due to parasitism after the seedlings 
were inoculated with the fungi. 

In agar cultures the cranberry fungus entered into the mycorhizal 
relation much more freely if carbohydrates were withheld from the 
medium. 

Seedlings grown in nutrient-free distiUed-water agar derived no 
measurable benefit from the presence of myeorhiza. 

Cranberry roots were extremely sensitive to the composition of the 
substrate. Their growth was more or less suppressed on nearly all 
nutrient agars tried. 

Some nutrient agars were rendered still more toxic to roots when 
the endophytes were introduced into the media; others were made 
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decidedly less toxic. These changes in the media were not correlated- 
with mycorhizal infection. 

Systemic infection of the type attributed ^to Phoinci radicis by 
some investigators could not be found either in the seedlings or in 
prepared slides from field-grown material. 

The hypothesis of systemic infection by mycorhizal fungi and of 
its obligate relationship to root formation in the heath family is 
examined critically- It is shown that the hypothesis fails to conform 
to observed facts in some important respects, 
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THE LOSS OP CAROTENE IN HAYS AND ALFALFA MEAL 
DURING STORAGE^ 


By Edward A. Kane, assistant chemist^ Herbert G. assistant chemist^ 

and C. A- Cary, semor chemist^ Divisiofi of Nutrition and Physiology j Bureau of 

Dairy Industry^ United States Department of Agriculture ^ 

INTEODUCTION 

For several years it Las been recognized that the amount of carotene 
in plant materials is a measure of their vitamin A potency. This has 
been demonstrated best probably in the case of alfalfa hay {7)? ^ It 
is also Imown that carotene is frequently deficient in farm rations 
{6^ 14, 16). From an economic standpoint, therefore, it is im- 

portant to Imow the conditions that infliuence the carotene content 
of farm feeds, especially of such feeds as alfalfa, timothy, and clover 
hays, which frequently furnish very nearly all the carotene in dairy 
rations, and which may, or may not, be rich sources of this factor {20). 

This paper presents the results of experimental work conducted to 
determine the rate of loss of carotene in alfalfa and timothy hays and 
in alfalfa meals during storage under practical conditions at different 
seasons of the year. As the natural green color, which is used as a 
factor in the grading of market hays, is in general a most useful index 
of carotene content (20), the change in color that occurred during 
the storage of some of these hays was noted, and the results are 
included in this paper. 

Considerable work has been done on the oxidative decomposition 
of pure carotene under various conditions. It is unnecessary to 
review this work here except to say that, although a number of oxida- 
tion products with vitamin A activity have been artificially prepared 
from carotene (4j 12, IS), the only naturally formed decomposition 
products that seem to have been tested for biological activity were 
tested in this laboratory and found to be inactive. There has, how- 
ever, been work in other laboratories on the losses of carotene in the 
making and preserving of hays and meals by various methods; a 
review of this work may throw some light on the conditions that 
affect these losses. 

REVIEW OP OTHER INVESTIGATIONS 

Russell, Taylor, and Chichester (I showed that carotene dis- 
appears rapidly from freshly cut plant materials. They observed a 
loss of 80 percent of the carotene in alfalfa during the first 24 hours 
of drying in the field. Similar losses have been noted by Hauge and 
Aitkenhead (9) and by^ Guilbert (5) and others when alfalfa was dried 
in the sun. Work with alfalfa, reported by tMs laboratory (M), 

1 Received for publication May 24,1937; issued February, 193S. 

2 The work described in this paper was carried out in cooperation with the Bureau of Agricultural Eco- 
nomics, U. S. Department of Agriculture. Especial acknowledgment is made of the assistance of W. A. 
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meals; and of C. P. Welsh for the determinations of the color in both the hays and the meals. 
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shows that market hays frequently contain oiily one-tenth to one- 
fifth as much carotene as is ordinarily found in the growing plant. 

A number of investigators have compared vmioiis methods of 
treating alfalfa to determine the conditions that affect the destruction 
of carotene. Kiissell {18)^ in his earlier work, found that leaves from 
alfalfa hay that had been quickly dried in a tunnel drier at 127° to 
129° C.j had more than seven times the vitamin A potency of leaves 
from a “poorly cured/’ “brownish green” hay that had been dried 
by exposure for several days in the field. In later experiments he 
and his cowm^ers {19) found that in two freshly cut samples of alfalfa 
dried either in a tunnel drier or in a rotary machine in which the 
material was momentarily exposed to a much higher temperature 
(650° to 750° C.), the carotene content per unit of dry matter was as 
great as that of freshly cut material, and 2 to 10 times as great as 
that of samples from the same hay that had been dried in the field. 
The loss of carotene in the field-dried hay was particularly rapid 
during daylight. 

In the work of Hauge and Aitkenhead (P), and in later experiments 
by Hauge (S), it was found that, if freshly cut alfalfa was first auto- 
claved, there was no destruction of carotene when it was dried in the 
sun. Hauge and Aitkenhead also found that the autoclaved material 
did not lose carotene when incubated subsequently; whereas, when 
unautoclaved material was incubated, it lost carotene at a rate which 
increased as the temperature of incubation was increased from 4° to 
37° 0. They attributed the loss of carotene during the drying of 
alfalfa in sunlight to the action of enzymes the activity of which was 
increased by the higher temperatures produced by the sun’s rays. 

Guilbert (5) also found evidence of the presence of enzymes of this 
nature in alfalfa, but his results differ in several respects from those of 
Hauge and Aitkenhead. His analytical procedure, although it dif- 
fered somewhat from theirs, would be expected to give similar results. 
Gmlbert found that samples of alfalfa leaves that had been artificially 
dried by methods that should have destroyed any enzymes present, 
still lost carotene at a rapid rate when exposed to sunlight, and lost a 
considerable quantity even when standing in the dark. Alfalfa l(^aves 
that had been dried in vacuo at 100° C. lost 6.8 percent of their caro- 
tene when allowed to stand in the dark for 12 hours at 65°; and other 
leaves, similarly dried, lost nearly 10 times this amount when exposed 
to sunlight for the same length of time at the same temperature. 
Autoclaved samples of alfalfa lost 26.6 to 53.8 percent of their caro- 
tene when subsequently dried in sunlight, whereas unautoclaved 
samples that were directly dried in sunlight lost 46.6 to 69.5 percent. 

In work with alfalfa meals, Guilbert also reports an artificially 
dehydrated sample which lost 83.3 percent of its carotene when ex- 
posed to sunlight for 40 hours. He compares the keeping qualities 
of the carotene in meals made from sun-dried and artificially-dried 
samples from each of three lots of alfalfa. In one lot the method of 
drying had no effect; in the other two, the losses of carotene were 50 
percent greater in the artificially dried samples. The losses of caro- 
tene in these meals varied with the temperature at which they were 
stored. In a meal stored at 0° to 5° C., no loss was detectable in 
8 w’^eeks; in one stored at 20° to 30° about 30 percent was lost in that 
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time. Guilbert also determined the loss of carotene with three sun- 
dried samples of hay that were stored in the dark. They lost 9 per- 
cent of their carotene from November to April, and 30 percent from 
April to August. 

The results recorded in the present paper have been presented in 
part before various groups, and abstracts of these reports have been 
published {10, W, 24)^ In connection with various feeding experi- 
ments in this laboratory, a considerable number of market hays have 
been analyzed for carotene. Whenever in a lot, or purchase, of hay a 
bale has been found in which the hay showed evidence of fermenta- 
tion such as a “caked” or “set” condition, or a “ground,” ^Tobacco,” 
or “sweated” odor, the carotene content has been decidedly lower 
than in bales in which this condition did not exist (20) . As is well 
known, this spoilage, which is the result of bacterial action, is due to 
excessive moisture in the hay during storage. Woodward has studied 
this problem (Sd) . 

The fineness to which a hay is ground may also affect the rate of 
loss of carotene both in the preparation of meals and during subse- 
quent storage. In grinding hays to a fine powder in a ball mill, a 
considerable part (average about 25 percent) of the carotene is lost, 
and the powdered material loses carotene very rapidly during subse- 
quent storage (^d). This does not occur, however, when the hays 
are ground in a Wiley mill equipped with a sieve with holes 0.5 mm 
in diameter. 

From the foregoing sta,tements it is evident tliat the destruction of 
carotene may proceed in hays in which all enzymes presumably have 
been destroyed. Loss of carotene occurs even when these hays are 
in the dark, and is accelerated greatly by exposure to sunlight, by an 
increase in the temperature at which they are allowed to stand, and 
by conditions favoring bacterial action in the hay. In considering 
the factors that influence the rate of destruction of carotene in hays, it 
must be borne in mind that pure carotene itself is oxidized on standing 
in air (22), that the process is much more rapid in sunlight, at higher 
temperatures, and generally when impurities are present {2, S), 
Evidence exists that the destruction of carotene in such preparations 
may be autocatalytic (22), or may be influenced by a number of 
(‘.atalysts (3) and anticatalysts or antioxidants (1, S, 21), The process 
in hays, therefore, would be expected to be quite complicated and 
possibly quite variable* 

EXPERIMENTS IN STORAGE OF HAYS 

The hays used in this experiment were stored in bales in a dark, 
unheated barn loft at Beltsville, Md., and analyzed from time to time 
for carotene according to the usual procedure in this laboratory (17, 
'pp, 461-402), The maximum and minimum outside daily temper- 
atures vrere read and their average was taken as the “mean daily 
temperature.” These mean daily temperatures were averaged to ob- 
tain the mean temperature for the periods of storage. The rate of 
loss of carotene in percentage per month was calculated by means 
of the equation in which x represents the rate, bA 

and 5 are the initial and final carotene figures, respectively, for the 
period of storage, and m is the length of the period in months* 
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LOSS OF CAROTENE DURING STORAGE AT VARIOUS TEMPERATURES 
Alfalfa Hay 

The results of the experiment with alfalfa hay are shown in table 1, 
in which the percentage rates of loss of carotene per month are 
arranged in three groups according to the mean temperature during 
the period of storage. These three groups include samples stored at 
the following mean temperatures; (A) At 7.2° C. or less, (B) at 7.2°+ 
to 18.9°, and (C) at above 18.9°. Group A represents the tempera- 
tures that prevail at Beltpille, Md., during December, January, 
February, and frequently in March and November; group C the 
temperatures during June, July, August, and to a considerable 
extent in September; and group B the usual temperatures during the 
fall and spring months. 


Table 1. — Carotene, content of alfalfa hays at different times during storage^ per- 
centage loss of carotene per months and effect of teniperaltire on this loss 


Samjiles of liay » (lal)oratory 
designation) 


Date of 
analysis 


Carotene 

content 


Mean 
tempera- 
ture since 
preceding 
analysis 


Loss of carotene per month 
at temperatures indicated ^ 


A,7.2°0. B,7.2°+ 
orless to 18.9° C. 


C, above 
18.9° C. 


Milli- 


Alfalfa hay, U. B. No. 1 ; 


Lot 60, bale I 


T-bani, hales 101, 102. 


C-barn, bale 110. 


.L()t'67,T)al0S 111, 112,. 


Lot 6S, bales'll”, 118.- 


l^tSO, bales 1, 2 


Lot. 59, bale 3. 


(Mar. 25, 1933 
May 19, 1933 
June 8, 1933 
July 21,1933 
I Aug. 19,1933 
fNov. 16,1933 
July 25,1934 
Nov. 19, 1934 
Apr. 8, 1935 
June 18,1935 
lAug. 29,1935 
fJan. 4, 1934 
Feb. 14,1934 
July 26,1934 
Nov. 19, 1934 
Apr. 6, 1935 
[June 15,1935 
.Fan. 20,1934 
July 16,1934 
Nov. 20, 19:14 
Apr. 9. 1935 
Utme 14,19:15 
Mar. 22. 1934 
July 5, 19:i4 
Nov. 20, 1934 
Mar. 29. 19:i5 
IJune 12,1935 
fAug. 27,1934 
Jan. 24,1935 
Mar, 29, 1936 
June 22,1936 
Aug. 30, 1935 
Oct. 3,1934 
Jan. 18,1935 
Mar. 39, 1935 
June 13,1935 
lAug. 30,1935 


grams per 
kilogram 

37.1 

34. 5 
.31.4 

22.5 
16.0 

121.0 

52.1 

46.2 
3:i3.4 


22.9 

33.4 

32.2 
21.0 

19.0 

16.3 
i:i2 

30. 5 

16. 7 

13. 9 
» 12.5 
3 10.6 

:i8,o 

25.2 
^ 15.8 

16.0 

14.4 

28.2 
21.1 
20.2 

17.5 

i:lo 

37.8 

29.5 
27. 2 


° c. 

Jfreent 

Percent 

Percent 

12. 2 


3. 9 


19.4 



13.8 

20. 6 



20 8 

24.4 



29.8 

9.4 


8.0 


16. 1 


3. 1 


3.9 

6.7 



15.6 


4.8 


23.3 



10.5 

-0.6 

2. 6 



i;b 9 


7.6 


16.1 



2.6 


3. 9 

3 



14.4 


8.8 


12.2 


'"'9"8"" 


16. 7 


4.3 


:i. 9 

2.3 



16. 0 


"7',¥ 


16. I , 


11.2 


17. 8 


9. 9 


3. 9 

-r.”'o 



U, 9 


4^2 


9.4 


>). 8' 


3. 9 

"2.' o'" 



15. 0 


5. 0 


2:1.3 




12.5 

7,2 

■' ■6.'8'l 



3.9 

. 3.4 



13.9 




23. 3 



10.5 


1 Hays graded by representatives of the Division of Hay, Feed, and Seed, Bureau of Agricultural Eco- 
nomics. Each *iot" of hay is a separate purchase. 

2 Data are arranged in 3 groups according to the temperature ranges indicated and depending upon the 
mean temperature at which the sample was stored during the period since the preceding analysis. 
Average temperature for 1933-35 at Beltsville, Md.: For winter months (December, January, February), 
0.9° C.; for cool fall and spring months, 8.3°; for warm fall and spring months, 12.2°; and for summer 
months (June, July, August), 22.4°. 

3 1 bale during this period wms stored in the attic of the laboratory. This attic was unheated, but prob- 
ably was warmer than the barn loft during the winter. 

1 of triplicate determinations omitted; probably some destruction of carotene in it. 
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Table 1. — Carotene content of alfalfa hays at different times during storage,^ per- 
centage loss of carotene per month, and effect of temperature on this loss — Continued 


Samples of hay (laboratory 
designation) 


Date of 
analysis 


Carotene 

content 


Mean 
tempera- 
ture since 
preceding 
analysis 


Loss of carotene per month 
at temperatures indicated 


A, 7.2°C. B, 7.2°-f 
orless to 18.9® C. 


C, above 
18.9® C. 


Milli- 


Alfalfa hay, IT. S. No. l—Continued. 


Lot 64, 10 bales s. 


H. 0., bale 1. 


H. 0., bale la 

Alfalfa bay, U. S. No. 2: 
H. 0., bale 2 — 

H. 0., bale 2a 

Lot f)4, bales 114, 1 1.7 


fNov. 5,1934 
Feb. 13,1935 
^Apr. 15,1935 
June 21, 1935 
[Sept. 9,1935 
Jan. 14,1935 
I Mar. 30, 1935 
I June 21,1935 
Aug. 30, 1935 
fJan. 15,1935 
jMar. 30, 1935 
ljune 21,1935 
[Aug, 29, 1935 

fJan. 31,1935 
)Apr. 5,1935 
/Jan. 31,1935 
I Mar. 30,1935 
f Feb. 2, 1934 
Jjuly 26,1934 
INov. 20, 1934 
[Apr. 16,1935 


grams per 
kilogram 

43.4 

38.5 

34.0 
29.3 

17.2 

41.3 

39. 0 

28.3 

16.5 
81.8 

72.5 
54.8 

30.0 

I 14.1 

I 14.6 

12.4 
12.7 

11.4 
. 7. 6 

! 5.4 

i -3 4.7 


^ C. 


Percent 


Percent 


Percent 


2.8 

7.2 

16.7 

23.3 


5 3.6 
5 5.8 


5 6. 5 


IS. 1 


3.3 

15.0 

23.3 


2.2 


10.9 


20. 9 


3.3 
15.0 
23. 3 


4.7 


23.3 


5.6 


12. 2 
16. 1 
3. 9 


6.8 
8 . 6 


Alfalfa hay, U. S. No. 3: 
Lot 61, bales 1, 2 

Lot 61, bale 3 


/Aug. 28,1934 
(Apr. 19,1935 
(Sept. 26, 1934 
‘lApr. 5,1935 


7. 0 
5.3 
8.7 
9.5 


7 ' 8 " §15 

'6^1 '-ho’ 


Average. 


2. 6 6. 6 17. 8 


3 1 bale during this period was stored in the attic of the laboratory. This attic was unheated, but proVj 
ably was warmer than the barn loft during the winter. 

5 Same 10 bales used throughout except on Nov. 5, 1934. 


It will be noted that the rate of loss of carotene during storage varied 
greatly with the different hays in each group shown in table 1, and 
that the average percentage loss per month with each group varied 
with the temperature at which the hayB were stored. The rate of 
change in carotene content per month with the hays in group A varied 
from an increase of 1 percent to a loss of 6.8 percent; in group B, the 
loss varied from 2.5 to 11.2 percent; and in group G, from 10.5 to 29,8 
percent. The average losses of carotene per month in these hays were, 
respectively, for group A, 2.6 percent; for group B, 6.6 percent; and 
for group C, 17.8 percent. Of the hays in group C, the average rate 
of loss of carotene for those that were stored the first summer after 
cutting was 21.1 percent per month, and that for the few samples 
(T-barn, bales 101 and 102; lot 59, bales 1 and 2 ; lot 59, bale 3) in 
storage the second summer after cutting was 11.2 percent per month. 

These data for the loss of carotene during the storage of hays in 
the summer months indicate that the rate of loss of carotene under 
conditions othei’wise comparable may possibly decrease with the age 
of the hay; but the errors and variations in determining such data are 
too great to permit a clear demonstration of this fact. A loss of 
carotene of 17.4 percent between November 16 and November 30, 
1933, was observed with the hay marked T-barn, bales 101 and 102. 
This suggests that carotene may be lost at a very rapid rate in sun- 
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cured hays for some time after they are dried aiid^balecL In none of 
the bales used in this experiment was there any evidence of fermenta- 
tion or spoilage. The differences in the rate of loss of carotene with 
different hays at the same average temperature may actually be due 
in part to differences in the keeping cpialities of the hays, but it must 
be borne in mind that the figures are clerived frony differences in 
determinations that are themselves subject to considerable error, 
and that samples stored at a given average temperature actually were 
exposed at times to quite different conditions. 

Timothy Hay 

The data obtained on the loss of carotene in timothy hay during 
storage are shown in table 2, It will be noted that the rate of de- 
composition of carotene during the storage of timothy hay is about 
the same as with alfalfa, and is similarly affected by variations in 
temperature. In 11 lots of timothy hay stored at temperatures be- 
tween 6.0'^+ and 18° C. the average loss of carotene was 6.3 percent 
per month ; in 24 samples of alfalfa hay similarly stored the loss was 
6.6 percent per month. 


Table 2.-^C(i'Tolene mnterU of iiniothy hays at Uvics during storage., ’per" 

cenkige loss of carotene per month., and effect of tern peraf/ure on this loss 


Sami lies of hay (laboratory designation) and ilatc of 
analysis ‘ 

Carotene 

content 

M oan teiTi- 
peraturo 
since 

Loss of carotcrio per 
month at trm{)erH* 
lores 2 indicated 3 

preceding 

analysis 

7.2° C. or 
less 

7.2°-f to 
17.8° C. 

Lot 43, bales 107, 108: 

Milligrarm 

per 

kilogram 

° a 

Percent 

Percent 

Mar.J., 1934 

19. 9 





July 16. 1934- . 

13.9 

15.0 


7 7 

Lot 44,^0163 1, 2: 

xUig.28, 1934-- . . 

9.2 







Jan. 3, 1935- . 

6.8 

10.6 


6. 9 

May 1, 1935... . . . 

6. 3 

5. 0 

1. 9 


Lot 44, bales 115, 110: 





June 4, 1034. - 

8.6 




Feb, 14. 1935 .. 

6. 2 

12.8 


3.8 

May 2, 1935 .. . 

5.2 

8. 3 


6. 5 

Lot 46, hales, 1. 2, 3, 4, 5: 





Dec. 11, 1934...-. . - 

23. 6 




May 11, 1935 

18.8 

.5. 6 

4.4 


Dec. 2, 1935 

11.7 

17.8 


6. 8 

Lot 46, bale 6: 





Dec. 11, 1934 

18. 4 




Jan. 25, 193,5 .... 

18.4 

”2.' 2’ 

.0 


Apr. 2.5, 1935.- . 

17. 0 

B. 6 

2.6 


Dec. 2, 1935 ... . 

11.7 

17.8 


.5."0 

Lot. 48, bales, L 2, 3, 4. 5: 





Jan. IS, 1935... 

10. 7 




Apr. IS, 1935.-.- . . 

9. 6 

4.4 

T'o” 


Dec. 4, 1935. . . ... . . . . 

7. 0 

17.2 


4.6 

L(»t 48, hale 6: 





Jan. 17, 1935 

10.3 




Apr. IS, 1935... 

6. 7 

-4. 

13. 2 


Dec. 5, 1935 .... . 

6. 4 

17.2 


,6 

Lot 39, bales IGl, 102: 




Jan. 6, 1934-.-. ^ 

9. 2 




July 16, 1934 

4. 5 

10.0 


10. 7 

Lot 42, bales 104, 105: 



Jan. 6, 1934. 

July 5, 1934 

9.0 




4.7 

9.4 


10. a 

■ . ATerage-x.- — — — —x,:,,... -I'—' x 



4.3 

6.2 





‘ Each lot of hay is a separate purciiase. 

2 Average temperature for 1933-35 at Beltsville, Md,: For winter months (December, January, February) 
0.9° C.; for cool fall and spring months, 8.3°; for warm fall and spring months, 12.2°; and for summer months 
(June, July, xA.ugnst). 22.4°. 

^ Kesults arranged in 2 groups according to mean temperature during periods betw'een analyses. 
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Clovek Hay 

(3iie lot of clover hay was included in the experiment. On June 24^ 
1934j it contained 16.8 mg of carotene per kilogram of dry matter. 
On January 2, 1935, and April 15, 1935, the caintene determinations 
each gave 8.8 ing per kilogram. The average temperature for the 
total period of storage was 11.1'^ C., and the average percentage loss 
of carotene per month was 6.3 percent. In six lots of alfalfa that 
were stored at temperatures ranging from 9.4° to 12.8° C., the average 
loss of carotene per month was 6.6 percent. 

RELATION OP GREEN COLOR IN HAY TO CAROTENE CONTENT 

The writers have compared the decrease in green color during 
storage, as determined by hay specialists of the Bureau of Agricultural 
Economics, with the loss of carotene during the storage of several lots 
of alfalfa hay. In one lot there was a decrease in green color from 71 
percent to 56 percent — a loss of 21 percent of the natural color orig- 
inally present. The corresponding loss in carotene content was from 
32 to 13 mg per kilogram, or nearly 60 percent. With another hay 
a decrease in color from 69 to 54 percent — a loss of 22 percent — w^as 
accompanied by a drop in the carotene content from 38 to 14 mg per 
kilogram, or somewhat over 60 percent. A third lot of hay, which 
changed from 55 percent color to 44 percent' — a loss of 20 percent — 
lost 70 percent of its carotene content. Apparently the percentage 
loss of carotene is much greater than the corresponding percentage 
loss of natural green color — about three times as great with the samples 
just cited. 


EXPERIMENT IN STORAGE OF MEALS 

For the study of the loss of carotene during the storage of meals 
made from alfalfa hay, several bales were taken from each of four 
lots, or purchases, of hay. The bales selected from each lot were 
similar in color and leafiness. One bale from each lot was graded by 
hay specialists of the Bureau of Agricultural Economics, and different 
portions of it were ground by tliem in a liammer mill to different 
degrees of fineness, so that the particles passed through or 

'' 4 -inch circular mesh screens during grinding. 

Tlie (‘olor and the carotene content of these meals were then deter- 
mined, and the determinations were repeated from time to time during 
storage from about April 1, 1934, to October 1, 1935. Samples of 
the meals were stored in individual bags in a dark, unlieated part of 
a building in Washington, D. C. This place was somewhat more 
sheltered from the effect of outdoor weather changes than the barn 
loft referred to above. The other bales from each lot of hay were 
stored in this loft and analyzed from time to time. The outdoor 
temperatures were read at Beltsville (near Washington, D. C.) ; and 
the average temperatures for the periods of storage of the meals and 
the rates of loss of carotene during storage were calculated in the 
same manner as for the hay experiment. 

DETERMINATIONS OP CAROTENE CONTENT AND COLOR 

The results of the analyses for the carotene content of the meals, 
as determined from time to time during storage, are given in table 3. 
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Table 3. — Losses of carotene and green color during the storage oj meals made from 

alfalfa hay 


Carotene content 


Retention of natural green color 


Meal 

prepared 

from 

bale 

no.— 


iir>. 


119. 


109. 


113. 



1 



— 


1 





■Green 


Meal ground to 



Meal ground to 


■ color 

Date of 


pass— 


Aver- 

Date 


pass— 


Aver- 

of the 
hay on 







Apr. 7, 
1934 1 

analysis 


M- 

i 

age 

observed 

H- 

14- 


age 


inch 

inch 

inch I 



inch 

inch 

inch 




mesh 

mesh 

mesh 


- 

mesh 

mesh 

mesh 




: Milli- 

Mim- 

Milli- 

Milli- 








grams 

grams 

grams 

grams 








per 

per 

per 

per 


Per- 

Per- 


Per- 



kUo- 

kUO" 

kilo- 

kilo- 


Per- 


gram 

gram 

gram 

gram 


cent 

cent 

cent 

cent 

cent 

(Apr. 23,1934 

12.8 

13.5 

12.5 

12.9 

Apr. 11,1934 

35 

33 

30 

33 


Dec. 15,1934 

8.2 

^ 8.8 

7,5 

8.2 

Nov. 20, 1934 

34 

33 

29 

32 

57 

iMay 21,1935 

6.1 

7.8 

5.4 

6.4 

Apr. 5, 1935 

28 

26 

25 

26 

lOct. 14,1935 

5.0 

i 5.0 

5.0 

5.0 

Oct. 2, 1935 

32 

26 

20 

26 


(Apr. 25,1934 

43.9 

1 39.2 

38.1 

40.4 

Apr. 11,1934 

48 

47 

48 

48 


Nov. 30, 1934 

29.4 

25.5 

i 21.8 

25.6 

Nov. 20, 1934 

39 

39 

33 

37 

73 

IMay 22,1935 

20.4 

19.0 

1 2 18. 3 

19.2 

Apr. 6, 1935 

33 

36 

31 

33 

[Sept. 4, 1935 

14. 3 

14.8 

12.6 

13.9 

Oct, 2, 1935 

35 

34 

24 

31 


[Mar. 28 and 
Apr. 9, 1934 
Nov, 24 and 
Nov. 30,1934 

} 43.9 

42.1 

2 45,3 

43.8 

Apr. 11,1934 

60 

54 

53 

56 


1 24. 5 

24.4 

23.1 

24.0 

Nov. 20, 1934 

56 

50 

48 

61 

71 

May 21,1935 

21.1 

2 19.4 

2 21.1 

20.5 

Apr. 5, 1935 

43 

40 

41 

41 


[Oct. 12,1935 

( 13.6 

13.6 

13.9 

13.7 

Oct. 2, 1935 

45 

41 

39 

42 


Mar, 28, 1934 

24.0 

27.2 

26.6 

25.9 

Apr. 11,1934 

53 

52 

53 

53 


JNov. 27, 1934 

16.3 

18.7 

18.3 

17.8 

Nov. 20, 1934 

42 

42 

42 

42 

72 

Uune 5,1935 

12.3 

15.4 

14.5 

14.1 

Apr. 5, 1935 

39 

41 

38 

39 

[Sept. 5, 1935 

<9.9 

10. 1 

9.0 

9.7 

Oct. 2, 1935 

39 

33 

40 

37 



1 The percentage of natural green color in the hay is not comparable with that in the meals. 

2 Determined May 13. 

3 Determined Apr. 9 and Apr. 16. 

^ Determined Sept. 4. 

Table 4 stows the total percentage loss of carotene for the whole 
period of storage for each sample of meal. 


Tabdb 4 . — Total percentage loss of carotene and green color in alfalfa meals during 
period of storage {abont Apr. 19S4f to OcL 1, 19SS) 


Aleal prepared from hay bale no. — 

Loss of carotene in meal 
ground to paSvS— 

]>oss of green color in niea's 
ground to pass- 

J^s-inch 

mesh 

K-inch 

mesh 

^4 -inch 
mesh 

)i-ii)ch 

niesl) 

J't-inch 

mesh 

■G'incli 

mesh 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

i 

60.9 

63.0 

60.0 

8.6 

' 21.2 

■■ 33.3 



67. 4 

62.2 

66. 9 

27. 1 

27. 7 

50.0 

■ _ i 

69.0 

67,7 

09.3 

25.0 

' ■ 24. t 

26.4 

,113.._— J 

68,8 

62.8 

66.2 

26, 4 

36. 5 

, '24.:5 

'■ Average,,.,-.- — _,! 

64. 0 

63.9 

65.6 

21, 8 

27.3 

. ■ '33.5 

!■■■ 


Ib table ^5 the rates of loss of carotene in the meals and those in the 

corresponding samples of baled hay are compared for different out- 
door temperatures. 

The percentage of natural green color retaiued in the meals is 
shown in table 3 along with the data for carotene content. The total 
percentage loss of green color as compared with that of carotene is 
shown in table 4. 
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Table 5 —Comparison of the rates of loss of carotene in alfalfa meals and corre- 
sponding haled hays, stored at different average temperatures 


Meal prepared 
from bale no.™ 

Loss of carotene in the meals ^ 

Loss of carotene in corresponding 
hays stored in bales 

Aver- j 
age out- 
door 
tem- 
pera- 
ture 

Per 

month 

Aver- 
age out- 
door 
tern- 1 
pera- i 
ture ! 

Per 

month 

Aver- 
age out- 
door 
tem- 
pera- 
ture 

Per 

month 

Aver- 
age out- 
door 
tem- 
pera- 
ture 

Per 

month 

Aver- 
age out- 
door 
tem- 
pera- 
ture 

Per 

month 


® a 

Percent 

i 

Percent 

° a 

Percent 

i ° a 

Percent 

° a 

Percent 

116-.- 

6.1 

4.6 

16.7 

5.7 

20.6 

5.0 

3.9 

2.8 

16. 1 

8.6 

119 

5.6 

4.1 

17.8 

6.3 

22.2 

8.7 

3.9 

2-1-1.0 

15. 6 

7.4 

109— 

5.6 

2.7 

17.2 

7.6 

20.6 

7.9 

3.9 

3.3 

15.0 

5.4 

113 

7. 2 

3.6 

17.2 

4.6 

22.8 

11.9 

3.9 

2.3 

15. 6 

5.8 

Average 

6.1 

3.8 

17.2 

6.0 

21.6 

8.4 

3.9 

1.8 

15. 6 

',6.8 


^ Each datum under percent per month is the average for all grindings from each bale for the tempera- 
ture indicated, 

2 With this hay there was an apparent gain of 1 percent per month instead of a loss during storage. 


From the data in tables 3, 4, and 5, the following conclusions 
appear justified: 

(1) ^ The rate of loss of carotene in the meals was not affected by 

the fineness to which they were groimd. For the total period of 
storage, the meals ground to pass and •%-inch meshes lost on an 

average 64.0, 63.9, and 65.6 percent, respectively. 

(2) The percentage loss of color in the meals w^as unquestionably 
much smaller than that of carotene. The changes in color, however 
(table 4), are quite confusing. True, the meals faded during storage, 
and on an average the loss of green color was greater in the more 
coarsely ground meals, but the individual results are inconsistent. 

(3) When due allowance is made for the errors in the data, it is 
evident that the rate of loss of carotene in the meals during storage 
was quite similar to that in the corresponding hays, and that in both 
cases these losses were similarly affected by the temperature at 
which the samples were stored. 

In considering the loss of carotene in the meals, the question 
arises as to the loss that may have occurred during the grinding of the 
meals. A comparison of the results for the hays with those for the 
meals would have no bearing on this question because in making 
the detemiination for carotene, all hays and meals were finally grcund 
to the same degree of fineness. The finest meals, however, were 
about six times as coarse as the material used for analysis, which was 
ground to pass through the finest mesh screen of the Wiley mill. Un- 
published data indicate that grinding in this way does not destroy 
the carotene. It would seem, therefore, that the grinding of the 
meals stored in this experiment may likewise have been accomplished 
without a considerable loss of carotene. 

SUMMARY 

Data on the rate of loss of carotene and of color in hays and alfalfa 
meals during storage are presented. 

It appears that on an average the rates of loss of carotene in alfalfa, 
timothy, and clover hays under comparable conditions are quite simi- 
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lar. Therefore^ the results for the different hays, taken together, 
may be siiniinarized as follows: 

twenty-two samples of baled hays that were stored in a rather 
dark, nnheated barn loft when the outside temperatiii'e was 7.2° C. 
or less (as is the case in December, January, February, and fre- 
quently ill March and November, at Beltsville, Md., lost on an 
average about 3 percent of their carotene content per month. 

With 34 samples of ha^q which were similarly stored when the 
average outdoor temperatures ranged from 7.2°+ to 18.9° C. (as in 
April, May, October, and possibly September, at Beltsville), the aver- 
age loss- of carotene was 6.5 percent per month. 

At outside temperatures above 18.9° C., the loss of carotene dur- 
ing storage increased greatly. For six samples of hay that were 
stored during the first summer after cutting, the loss was 21 percent 
per month, and for three samples stored further for a second sum- 
mer, it was about 11 percent per month. 

Meals from alfalfa ground to pass and %-inch mesh screens 

lost carotene at the same rate during storage regardless of the degree 
of fineness to which they were ground, and at practically the same 
rate as the corresponding baled samples of hay. 

With hays and meals, stored as above described, the percentage 
rate of loss of carotene was much more rapid than that of their natu- 
ral green color. This fact must be taken into consideration in judg- 
ing the carotene content or vitamin A potency of a hay from its color. 
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A STATISTICAL STUDY OF SAMPLING IN FIELD SUE- 
VEYS OF THE FALL POPULATION OP THE EUROPEAN 
CORN BORER ‘ 

By M. T. Meyers, age7itj and L. H. Patch, associate ento?nologist, Dwision of 
Cereal and Forage Insect Investigaiions, Bureau of Entomology and PUrnt 
Quaraniine^ United States Defartment of Agriculture 

INTRODUCTION 

vSurveys of insect abundance constitute an important part of the 
activities of economic entomologists. Such surveys not only provide 
fundaniental information about insect pests on wMch control activities 
may be based but also may be used in studying the ecological relation- 
ships of these pests under actual field conditions and may thus con- 
tribute to the development and improvement of control methods. 
Obviously the methods used in the surveys of different insects and for 
different purposes differ from one another, depending as they do on 
the biology of the insect species and the objectives of the surveys. 

The quahtative biological aspects of insect surveys are usually 

given adequate consideration,^ but the quantitative aspecte of the 

sampling variability of all units of area-wide surveys have seldom, 
if ever, beeh analyzed under actual field conditions. For the analysis 
of the quantitative aspects of the sampling variability of such area- 
wide surveys of insect populations, the methods of analysis of the 
variance developed and introduced by Fisher ( 4 ) ^ are perfectly 
adapted. In the present paper these methods are applied to a study 
of sampling variability in the fall survey of the number of larvae per 
100 cornstalks in the area infested by the one-generation brood of the 
European corn borer Hbn.) 

SURVEY METHODS AND DATA 

Beginning with the year 1919, surveys to ascertain the abundance 
of the mature European corn borer larvae in the standing cornstalks 
in the one-generation area have been made each year by the Bureau 
of Entomology and Plant Quarantine, in cooperation with various 
State agencies. The data used in the present analysis cover 66 county 
units, part of which were surveyed in 1931 and part in 1932. For 
certain counties the data for both years, as separate units, were used, 
but the sets for the 2 years are not duplicates, some counties appearing 
1 year but not the other. F or both years counties located in Michigan, 
Ohio, Pennsylvania, and New York were included and the whole 
treated as one set of data. The detailed records are on file at the 
office of the United States Department of Agriculture laboratory for 
European corn borer research, Toledo, Ohio. 

1 Received for publication Mar. 15, 1937; i^ued February, 1937. 

2 The authors wish to acknowledge the encGuragement given by D. J. Oaffrey and W. H. Larrimer during 
the progress of these studies; the assistance of K. W. Babcock in the organiaation of the problem, the analysis 
of the data, and the preparation of the manuscript; and the assistance rendered by Louise M. Kraus in the 
tabulation and calculation of the data. 
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As the infestation ol feeding larvae in the one-generation area is 
confined entirety to the cornfields and almost entirely^ to the corn 
plants in the fields, the cornfield lias constituted the basic unit of the 
surveys, and data were taken only with regard to the infestation in the 
corn plants. 

The intensity of infestation was expressed as the number of borers 
per 100 plants and was estimated by detyrmining the number of 
infested stalks out of 100 and the number of borers per infested stalk. 
Tile field was divided into quarters and from the approximate center 
of each quarter 25 consecutive plants were gathered. From tlu^ 
total number of infested stalks in the 25 stalk samples the average 
percentage of infested plants in the field or the number of infested 
plants per 100 was obtained. Then the infested stalks were examined 
in order to determine the average number of borers ])er stalk. In 
areas where the level of infestation in general was low, all the infested 
plants np to a maximum of 5 from the 100 plants were dissected. 
In areas where the level of infestation was higher, a maximum of 10 
plants, if available, were dissected. The product of the number of 
infested plants in 100 and the average number of borers per infested 
plant gave the estimate of the number of borers per 100 plants in the 

fipld* 

In conducting the surveys, a single county was almost invariably 
taken as tho unit for which the sampling was carried out and the mean 
level of infestation reported. In general, the counties surveyed were 
fairly uniform in size and served very satisfactorily as basic areas for 
the analysis of the sampling variance. In the counties in which the 
infestation was expected to be relatively low, 25 fields were sampled, 
and in counties where the infestation was expected to be relatively 
Mgber, 20 fields were sampled. The fields were taken at random 
over the county and later combined into four groups, termed “sec- 
tions’ \ each group containing the same number of fields.^ 

The two main objectives kept in mind in the analysis of the data 
presented in this paper were (1) to determine the relative influence, 
on the reliability of the estimates of the field mean number of borers 
per 100 plants, of the variability {a) of the samples, taken in each field, 
from which the average percentage of infested stalks was computed 
and (6) of the samples from which the average number of borers per 
infested stalk was computed, and (2) to determine the amount of 
variability between fields within a county relevant to the reliability 
of the estimate of the county mean number of borers per 100 plants, 
and to compare it with the variability of samples within fields. 

ANALYSIS OF THE SAMPLING VARIABILITY OP THE ESTIMATES 
OP THE FIELD MEANS 

ViVElANCE OF A PEODUCT DERIVED FROM THE VARIANCE OP THE FACTORS 

As described, the sampling within fields was carried out by making 
two estimates in each field, one to determine the number of infested 
stalks per 100 and the other to determine the number of borers per 
infested stalk, the product of the two determinations giving an esti- 
mate of the average number of borers per 100 stalks. The cHef 
jprqblem in the analysis of the sampling within a field is, therefore, to 
assign to ea ch factor the portion of the total sampling variability of the 

« Where 25 fields were saiirpled, the tWrteehtfi was arbitrarily disarded. 
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estimate of tlie field mean which would be influenced by increasing, or 
decreasing the number of samples in each set independently, and to 
express these portions in comparable terms. 

This problem of analysis may be approached by the use of certain 
equations whereby the mean product, the variability of this product, 
and the variability of each factor of the product may be estimated. 
The mean product in terms of the constants of the factors may be 
estimated by the equation 

Equation I 

in which A" is the estimated mean number of borers per 100 plants, 
‘p is the mean percentage of infestation, or the number of infested 
stalks per 100 stalks, and h is the mean number of borers per infested 
plant. 

The variance of the product, also in terms of the constants of the 
factors, may be estimated by the equation 

Equation 2 


in which p is the percentage of infested stalks out of the 25 stalk 
samples, h is the number of borers in an infested stalk, and n\ 
are, respectively, the number of infestation samples and the number 
of plants dissected, <Xp and <7^, are the standard deviations of the two 
factors, and and are the corresponding variances. 

The variance of the percentage of infested stalks out of the 25 
stalk samples may be estimated by the equation 




Equation 3 


in which % is the number of degrees of freedom available for esti- 
mating or 

The variance of the number of borers in an infested plant may be 
estimated by the equation 


n 




Equation 4 




ill which is the number of degrees of freedom available for estimat- 
ing o*/, or ri,' a— L , 


A OOMPAHISON OP THE VaBIANCES OF A PeODUCT OBTAINED BY T\YO METHODS 


The variance of the field mean number of borers per 100 plants is 
underestimated when equation 2 is used, if a correlation exists between 
the number of infested stalks in the 25 stalk samples and the mean 
Tiumber of borers per infested plant in the corresponding quarters of 
the fields. Owing to the way the data were recorded in the fields, 
the correlation within fields could not be calculated for the years 1931 
and 1932 when the data for this paper were obtained. But from 
data obtained in 1935 from 100 fields in Lenawee County, Mich., 
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and the counties of Fulton, Hancock, Henry, Lucas, Ottawa, Putnam, 
and Sandusky, Ohio, the fact of a correlation between the tvyo factors 
witlrin fields was established and the effect this had on the standard 
error of the field mean number of borers per 100 plants was determined. 

To show the existence of a correlation between the two factors just 
referred to, the number of infested plants out of 25 and the mean 
number of borers per infested plant were tabulated for the quarter of 
each of the 100 fields having the largest number of infested plants. 
Then the mean of the 100 samples was calculated for each factor. 
Similarly the data were tabulated and averaged separately for each of 
the other three quarters of each field. The mean numbers of infested 
plants out of 25 were 13.09, 10.53, 8.69, and 6.02 for the four quarters, 
while the mean numbers of borers per infested plant were, respec- 
tively, 1.75, 1.68, 1.55, and 1.39 for the same quarters. These data 
show that a decrease in the mean number of borers per infested plant 
is associated with a decrease in the number of infested plants. 

• The effect of this correlation on the standard error of the field mean 
number of borers per 100 plants was determined by completing two 
sets of calculations for each of the fields and comparing the mean 
results for groups of fields in the following manner: The first set of 
calculations was made to determine the mean number of borers per 
100 plants for, each field by equation 1 and to estimate the variance 
of the mean by equation 2. For the second set of calculations the 
product for each quarter of the field was obtained by multiplying the 
number of infested plants out of 25 by the mean number of borers per 
infested plant (2 or 3 plants were dissected in each quarter) and 
multiplying the result by 4 to obtain the mean number of borers per 
100 plants for each quarter. The mean number of borers per 100 
plants for each field was then obtained by averaging the results for 
the quarters of the fields. The variance of this general mean was 
estimated by computing the squared deviations of the product for 
each quarter from the mean product for the field and dividing by 4. 
The fields were then arranged in 5 groups, each of 20 fields, according 
to the field mean number of borers per 100 plants obtained from the 
first set of calculations. The group mean numbers of borers per 100 
plants and the group mean standard errors are given in table 1 for 
each of the two methods of calculation. 

Table 1. Range of estimates of the field mean number of European corn borers per 
100 plants and the group mean standard errors derwed by two methods of calcu- 
lation, from 100 fields in northwestern Ohio and southeastern Mkhigan, 1935 


First method 

Second method 

Mean 

Standard 

error 

Mean 

Standard 

error 

Number 

15.1 

32.5 

50.0 

81.1 
151.2 

Number 

5.25 

9.05 

18,09 

24.86 

41.21 

Number 

15.7 

33.2 

■ ■ ■ . 0X.5^"’: :■ 

84,1 

156.9 

Number 

5.63 

10.41 

18.03 

26.04 
43.21 
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It may be observed from table 1 that both the field mean number of 
borers per 100 plants of the groups of fields and the mean standard 
error are slightly underestimated by using equations 1 and 2, The 
average of the five groups shows that thq^ standard error is under- 
estimated about 3.7 percent. It appears, therefore, that on the 
average the standard error of the field mean number of borers per 100 
plants may be estimated rather closely by using equations 1 and 2. 
On the basis of this comparison the validity of the results from the 
study described in tins paper is assured if the 100 fields surveyed in 
1935 may be taken as representative of the conditions existing in 
fields in general. 

In order to assign to each of the two sets of samples taken in each 
field of the 1931 and 1932 surveys — one set to determine the number 
of infested stalks per 100 and the other to determine the number of 
borers per infested stalk — the portion of the total sampling variability 
of the estimates of the field mean numbers of borers per 100 plants 
wliich would be influenced by increasing or decreasing the number of 
samples in each set independently and to express these portions in 
comparable terms, the use of equations 1 and 2 is necessary. But 
these equations are incomplete because they make no allowance for 
any correlation which might exist between the two sets of samples. 
The complete form of the equations has been given by Reed (7). 

The complete form of equation 1, adapted from Reed, is obtained 
by adding the term rapCb to the right-hand side of equation 1, and the 
complete form of equation 2 is obtained by adding the term 2rpb(T-a^ 
to the right-hand side of equation 2, in which r is the coefficient of 
correlation between the percentage of infestation and mean number 
of borers per infested plant in the quarters of the field and cr- and erj 
are the standard errors of the means of the two factors. It should 
be noted that in the complete form of the equations as applied to this 
problem there would be only four observations for both p and 5. 
Therefore The use of the complete form of equation 2 

gives an estimate of the variance of the mean of the products from the 
quarters of the field. 

SAMPLING VARIABILITY WITHIN 20 FIELDS IN WOOD COUNTY, OHIO 

Table 2 gives the results of the calculations for each field of the 
1932 survey of Wood County, Ohio, and serves to illustrate the 
process carried out for each field in the other counties of the 1931 
and 1932 surveys. As an intermediate step in making the substitu- 
tions in equation 2, column 9, a, of table 2 gives the value of the 
term of equation 2 for column 9, b, gives the value of the term 

for n'p~lj while column 9, c, gives the variance of their product. 
The values in colunms 9, a, and 9, b, may now be divided by the 
values of and respectively, representing^ the actual number of 
samples taken in the respective fields, to obtain the values given in 
columns 10, a, and 10, b. Column 10, c, the sum of columns 10, a, 
and 10, b, gives the variance of a product when and are 
the variances of the means b and p. 



TabivE 2 . — Data on Eiu'opean corn borer infestation in 20 fields in Wood County ^ Ohio, in 1932, illuslraimg the details of the calculations for 
obtaining the sampling variance of the mean number of borers per 100 plants in each field 
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SAMPLING VARIABILITY WITHIN ALL FIELDS OF THE SURVEY, GROUPED ACCORDING 
TO LEVEL OF BORER POPULATION 

In order to generalize as completely as possible the inforrnatioii 
from the entire surve}^, the fields of all counties w^ere grouped aocord- 
ing to the ranges shown in table 3 and by adding and averaging the 
field means and the variances for n'i,==l and n'p=l of each term and 
the totals for the variance of a product. The ranges used in this 
generalization are entirely arbitrary, table 3 giving a final snniniary 
of the variances, by field level as finally used. (Fields with means of 
4.9 borers per 100 plants or lower are omitted.) In tins table is con- 
densed all the information the data afford as to the average magnitude 
and relationships of the parts of the variance at the different levels 
of field populations. Each field, representing its own peculiar set of 
conditions, has its proportionate effect on the final results. The result 
is not universal but is applicable insofar as these data constitute a 
representative sample of a given set of conditions encountered in 
these surveys. 


Table 3. — Smnmary of the sampling variance within fields, grouped within certain 
ranges of the estimates of the mean number of European corn borers per 100 plants, 
in the counties of the surveys of 1931 and 1932 in the 1 ^generation area 


Group no. 

(1) 

Borers per 100 
plants (range) 

(2) 

Fields 

(3) 

Borers 
per 100 
plants 
(group 
mean) 

(4) 

Variance of a single observa- 
tion 

(5) 

(a) (b) (c) 

Standard 

deviation 

(<7-*) ; 

(6) 

Coeffi- 
cient of 
variation 

(7) 

L.. 

5.0- 8.9 

Number 

154 

Number 

6.7 

26.8+ 61.7= 88.5 

Number 

9.4 

Percent 
140. 3 

0. 

9. 0- 14. 9 

165 

11.7 

72.1+ 121.2= 193.3 

13.9 

118.8 

3 

15.0- 24.9 

145 

19. 5 

1 195 + 210 = 405 

20.1 

103.1 

4 „ 

25. 0- 34. 9 

112 

29.6 

j 425 + 321 = 746 

27.3 

92.2 

: 

35. 0- 44. 9 

78 

40.2 

I 759 + 499 = 1,258 

35. 6 

88. 3 

6 ... .. 

45. 0- 54. 9 

52 

49.8 

1,341 + 670 = 2,011 

44.8 

90.0 

7.... 

55.0- 74.9 

100 

65. 0 

2,180 + 989 = 3,169 

56.3 

86.6 

8 ..,.. 

75. 0- 94. 9 

57 

83.9 i 

3,528 +1,129 = 4,657 

68.2 

81. 3 

9.., ' 

95.0-124.9 ^ 

80 

109,0 

5,289 +1,637 = 6,926 

83.2 

76. 3 

10. 

125.0-154.9 

31 

137.7 

8,535 +2,521 = 11,056 

105.1 

76. 3 

11 

155.0-194.9 

32 

171. 0 

13,974 +2,373 = 16,347 

127. 9 

74. S 

12 . 

195.0-234.9 

19 

211.4 

21,775 +3,947 ,= 25,722 

160.4 

75. 9 

13 

235. 0-274. 9 

■ 7 

254. 7 

31,047 +3,329 = 34,376 

186.4 

72.'8 

•H .... - ... 

275.(L324.9 

8 

295.7 

48,968 +2,747 = 51,715 

227.4 

76. 9 

15 

325. 0-374. 9 

3 

354. 2 

47,357 +2, ,577 = 49,93-1 

223.5 

63. 1 

10 

375. 0-499. 9 

6 

423. 0 

73,920 +2,560 = 7f),480 

276. 6 

65. 4 

17 

500, 0-699, 9 

3 

525. 9 

80,167 +3,115 -■= 83,282 

288.6 

54 . 9 

18 

700. 0 up 

2 

970.0 

180,222 + 0 =180,222 

424. 5 

43. 8 


Table 3 may be inspected to determine the general characteristics 
of the sampling variability within the finlds. In column 6 are given 
the generalized standard deviations of the products corresponding to 
their variances in column 5, c. Column 7 contains the standard 
deviations expressed as percentages of the generalized means of column 
4. These relative values of the standard deviations are statistical 
constants known as coefficients of variation; they serve as indexes of 
variability and measure the fluctuation wdthin the fields at the diff erent 
levels of borer population. 

It will be noted that the standard deviations increase in actual 
magnitude as the means increase, but decrease steadily in relative 
magnitude from about 40 percent larger than the mean at the lowest 
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level to less than 50 percent of the mean at the highest leva!. The 
part of the variance of the product represented by the term in 
column 5, b, of table 3 increases until the mean population reaches 
211.4 borers per 100 plants. It then decreases, becoming zero at the 
highest level. The variance of the infestation samples, the part of 
this term, decreases as the limit of 100-perceiit infestation is ap- 
proached. As the square of the mean number of borers per infested 
plant, the part of the term, increases it tends to increase the value 
of the term, but not at a rate sufficiently great to offset the reduction 
of the value of the variance of the infestation samples as the limit 
of 100 percent infestation is approached. At 100-percent infestation 
the variance of the infestation samples becomes zero and the term 
vanishes completely. _ 

The part of the variance of the product represented by the term 
in column 5, a, of table 3 is the dominant influence in determining the 
total variance above a level of about 25 borers per 100 plants. This 
term increases from 57.0 percent of the total variance at a level of 
about 30 borers to about 96 percent of the total at a level between 
400 and 500 borers per 100 plants. Over the range of the populations 
covered in these data the variability in the number of borers in the 
infested plants, the part of this term, continues to increase as the 
mean number of borers per infested plant, 6, increases. The square 
of the number of infested^plants per 100, the factor of this term, 
increases up to 10,000 as p increases to its maximum of 100. How- 
ever, iucreases in population beyond 100 percent infestation must be 
as a result of increased number of borers per infested plant, which 
means that any increase in this term is wholly dependent on the magni- 
tude of the factor, while the p^ factor remains constant. 

Relative Values or Different Combinaitons of n's and n',, 

Because of this change in the relative as well as the actual varia tion 
at different levels of infestation, it is necessary to study the relative 
values of different combinations of and in sainjiling jit each 
population level Three population levels, 1 1 .7, 109,0, and 423 borers 
per 100 plants were selected from table 3 for study. By suhstitiitin^ 
in equation 2 the corresponding values from columns 5, n., a,n<l 5, 1), 
table 3, and also different combinations of values of nf, a,nd t//;„ iho 
variances of a product for the various sampling coinbinations fo.r each 
of the selected levels may be computed. The variamies of a. produ(‘i 
were calculated for all combinations of and equal to 1, 2, 3, 4, 
5, 7, and 10 for the three selected levels. The standard deviations 
were then expressed as percentages of the respective means, i. c., as 
coefficients of variation. The results are shown in the graphs of 
figure 1. 

As noted previously, although the actual magnitude of the standard 
deviation of the mean for any sampling combination increased as the 
mean level of population increased, the relative magnitude decreased . 
Thus, the surfaces of the tliree graphs of the standard deviations in 
terms of percent of the mean are increasingly lower as the mcaiivS 
increase. 
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At the level of 11.7 borers per 100 plants (fig. h -4). the second 
term of the equation (column 5, b, table 3), wlii.cli is ;i:*educ(3d as tlie, 
iiimiber of 25 plant-infestation samples, is mcreased, is larger 
than the first term (column 5, a, table 3), which is reduced as tlie nuni- 
ber of plants dissected, is increased, so that the total yariance is 
affected more by a comparable increase in tlie number of inlesta-tion 
samples taken than in the number of plants dissected. At tliis level 
the taking of two infestation samples instead of one sample reduces the 
total variance almost as much as if seven plants had been' dissected 
instead of one plant. However, the predominant effect of taking ad- 
ditional infestation samples on reducing the total variance is soon lost, 
for at the level of 19.5 borers the taking of two infestation wsamples 
instead of one sample reduces the total variance only slightly more 
than if two plants had been dissected instead of one plant. At the 
level of 109,0 borers per 100 plants (fig. 1, B) the taking of two infesta- 
tion samples instead of one sample reduces the total variance only 
about a third as much as if two plants had been dissected instead of 
one plant, while at the level of 423.0 borers per 100 plants (fig, 1, (J) 
the effect is about one-tliirtieth as much. At the level of 423.0 borers 
per 100 plants, increasing the number of infestation samples above 
two has practically no effect whatever in reducing the sampling varia- 
bility of the estimate of the mean in such fields. 

OTHER CONSIDERATIONS OP SAMPLING WITHIN FIELDS 

In any survey numerous restrictions are always placed on tlie plan 
of sampling, solely for eliminating bias rather than because of purely 
quantitative aspects of the sampling variability. In sampling withiii 
the fields in the present survey one such restriction concerned the 
infestation sample of 25 consecutive plants. Smaller total numbers 
of plants will suffice for attaining a given degree of reliability in the 
estimation of the mean percentage of infestation if smaller numbers of 
consecutive plants are taken at each place selected at random and 
examined within a field. For example, compared wifh taking a total 
of 100 plants, each plant at a place selected at random, it was found 
that to attain a given reliability in the estimation of (he mean pov- 
ceiitage of infestation, 171 plants were required when 5 consc'.cmtivc'. 
plants were taken in a place, 206 when 10 planfs wein l.aken, 285 wlieffii 
25 plants were taken, and 660 plants when 100 jilanls wen^ takem 
These results were obtained as an average for five fiohls with penauU.- 
ages of infestation averaging 38.6, no field having boon infested mor<’) 
than 50^ percent. Taking the foregoing numbers of plants in tlu^. 
designated manner gave a standard error of 4.71 to the mean of 3<S.(> 
percent, but the same proportions would hold among the total numbers 
of plants required to attain any other degree of reliability in tin'- esti- 
mation of the mean of these five fields. 

To take each plant of the total number examined for infostalion in 
the fields of this survey in a place selected at random, however, would 
have necessitated a scheme to eliminate all possible conscious or un- 
conscious bias in taking the plants, j^y such scheme would xirobably 
be difficult to devise as well as impractical on account of the time neces- 
sarily consumed in putting it into effect. For this reason samples of 25 
consecutive plants taken in each quarter of the field were arbitrarily 
chosen from which to determine tic percent^e of infestation, in the 
belief that samples of this size would rwder bias negligible. 
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/ The question of the randomness of these suiuples is essentially the 
' same as that involved in the technique of detenniniiig the yield of 
plots or fields of small grains by harvesting small areas within them. 
Clapham (./, £, S) and .KaJamkar (6‘) studied such problemsyimi ])i*e- 
sen ted .experimental data, and o.n.the basis of the analysis of thri 
variance deemed the placement of the samples ni definite intervals In 
the same drill rows to be undesirable. Ratlier, t,hey recon,inunul(al 
that the area be divided into a definite number of equahsize<l a,r«uis 
and the samples taken at random in tliese. The objections not^Hl by 
these authors to definite placement of samides hard,ly apply to, the 
manner of taldng the infestation samples at ap]:)roximat€dy the center 
of the quarters of the fields. These samples were taken without re- 
gard to the condition of the corn at the place of sampling in the fields 
and as an average of a large number of fields the variability would 
approximate closely to that of fully randomized samples within the 
quarters of the fields which correspond to sections as recommended 
by the foregoing authors. 

Methods of avoiding bias when taking the infested plants for dis- 
section to determine the number of borers x)ei infesirnl stalk also had to 
be considered. For this reason only infested plants wen^ <li^se(‘t<Hl 
in the infestation samples, up to the maximum number spodlied for 
the fields as stated previously. It is obvious that m the fieki the 
most heavily infested plants would be the ones itiost easily found, and 
unless careful safeguards were taken in the methods of the sinnev to 
obtain representative plants from the whole field a (‘onsidorablo bias 
would be introdxiced. 

The most important question in sampling within the fields, however, 
is the relative weight that should be given to the samples of the two 
sets of factors and this question is answered by tlie solutions earned 
out on the basis of the equation for the variance of products. As 
used also, the actual sampling variability within the fiehis, while 
important in properly planning area-wide surveys, is distinetly subordi- 
nate to the field- to-field variability within the larger areas, in its final 
effect on the reliability of the estixnate of the county mean number of 
borers per 100 plants. 

ANALYSIS OF THE PIBLD-TO-FIELD VARIABILITY WITHIN 
^ COUNTIES 

METHODS OF ANAI^YBIS OF VAEIANCE APPLIED TO SAMPLING VAEIAHXLITY OF 

A,REA-WrDE BUEVEYS 

The foregoing analysis treated of the sampling variability within 
the fields so that estimates could be obtained of the true levc'Js of 
infestation of each field, these in turn being ubo{ 1 f-o obtain estimates 
of the mean levels of infestation of the counties. Within the (‘ounties 
the actual level of infestation will vary greatly from field to field. 
The differences between the fields constitute aiiother component of 
the variability affecting the reliability of the estimates of the mean 
populations of the county areas, and this component is of paramount 
importance in the specification of the methods of sampling to be used 
in the surveys. To measure and study the characteristic's of this 
component of the variability by^ itself, and in (comparison witli the 
components of the sampling variability within the fields, actual ob- 
servations under the conditions to be studicvl must be used. The 
data for the field estimates of the mean number of borers per 100 plants 
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for the 66 counties already used for the study of the saiiipling vari- 
ability within the fields constitute the data used for this study of the 
field-to-field variability within counties. 

The fields sampled wei’e selected at predetermined points distrib- 
uted fairly uniformly over the county, thus insuring, to the greatest 
possible degree, both representativeness and randomness in the sam- 
ples. The first step is to determine by the methods of the analysis 
of variance devised by Fisher (4) whether the fields within sections 
of the counties tended to be more nearly alike in level of infestation 
than the fields over the whole counties — in other words, to see whether 
there were significant differences in level of infestation between the 
sections of the counties. For this study each county was divided 
into four sections of approximately equal area bat more or less ar- 
bitrarily'^ delimited so as to have each section include the same number 
of fields in as compact units as possible. The allocation had to be done 
after the surveys were carried out, but care was exercised to avoid any 
consideration of the values in making^ up the sections, these being based 
entirely on location. In counties in which 20 fields were sampled 
each section included 5 fields and in counties in which 25 fields were 
sampled each section included 6 fields. (Fields numbered 13 in the 
counties of 25 fields were uniformly and arbitrarily discarded and 
county means and other values adjusted accordingly.) The solutions 
were carried out by the methods of the analysis of variance to deter- 
mine (1) the total variation of the field means from the county mean, 
(2) the variation of the field means within the sections from the 
means of their respective sections, and (3) the variability attributable 
to the differences between the mean population levels in the four 
sections. These parts were later related to the sampling variability 
within fields, solved in the preceding section of the paper. 

DATA FOR SURVEY OF WOOD COUNTY, OHIO. IN 1932 USED TO ILLUSTRATE THE 

SOLUTION 

The values for the mean numbers of borers per 100 plants for the 
20 fields surveyed in Wood County in 1932 will be used to illustrate 
the solutions which were applied to all counties. These values are 
given in column 12 of table 2 and the manner of grouping the fields 
into the four sections is shown in figure 2; while the values, arrange^ 
according to sections for the analysis of the variance, are given in 
table 4. 

Table number of European corn borers per 100 plants by fields for the 

survey of Wood County f OMOf in 19S2f arranged in sections for the analysis of 

the variance ^ 


Section 4 


Mean 

Field no. number 
borers 


1(X8 

52.5 

131.5 

19.,. 118.5 
20». 161.2 

464.6 


Section 1 

Section 2 

Section 3 


Mean 


Mean 


Mean 

Field no. 

number 

Field no. 

number 

Field no. 

number 


borers 


borers 


borers 

1.— - 

19,5 

3 

1 

56.1 

10 

14.4 


1 26.5 



8.8 

16-.-., 

66,7 

6.--, 

69.3 

8 

84.0 



6 

91.2 


9l0 

17 

168* 0 

7 

59.8 



11 

6.0 

18 

69.2 

Total 

265.8 

— 

1^3.9 


435.6 
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Examples of the application of the methods^ of tlio analysis of 
varianee to similar problems and -detailed discussions of tlu^ concepts 
involved . are given in numerous publications including Fislun 4), 
Wishart (.9), and ySned.ecor (8). Although all tliese vary somewhat 
in the particular arithmetic procedure, the basic concepts a.rc the same. 



Specifically, this particular problem is identical with the (lass given 
by Snedecor {8) as example 1, page 3,^ of his manual This type of 
problem has a single criterion of classification and an equal number 
of observations in each of the classes. 

From table 5 it will be noted that the sum of the squares of 
the deviations of the 20 field means from the section means reprtv 
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senting 16 degrees of freedom is less than tlie sum of the squares 
of the deviations of 20 field means from the county mean represent- 
ing 19 degrees of freedom. The difference is attributable to the 
3 degrees of freedom representing the deviations of the population 
levels of the four sections from the general county mean. 


Table 5. — -Analysis of the variance in the mean number of European corn borers 
per 100 plants in Wood County, Ohio, in 19S2 


Variation 

Degrees of 
freedom 

j 

Sum of 
squares 

Mean- 

square 

deviation 

Standard 
or root" 
mean- 
square 
deviation 

Total for county - 

19 

50,842.07 

2,675.90 

51.73 

Within sections — — 

16 

38,641.85 

2,415.12 

49. 14 

Between sections. 

3 

12, 200. 22 

4,066.74 

63. 77 


The values in the last two columns of this solution for the mean- 
square deviation (variance) and the root-mean-square deviation are 
directly comparable in magnitude within the columns. 

Assuming that real differences were indicated between the actual 
population levels of the sections as laid out in Wood County in 1932, 
the mean-square deviation or variance between sections in table 5 
may be considered as being made up of two parts, the first with 
variance of Aij representing the estimated actual differences in level 
of population between sections, and the second or i?i part, which is 
the mean of the variance within sections for the individual fields 
shown above. This phase of the problem has been discussed by 
Fisher (J) ^ section 40. The Ai part is found from the difference 
between 4,066.74 and 2,415.12, or 1,651.62, while the Bi part is the 
mean variance between fields within sections, or 2,415. 12. The values 
of the mean-square deviation in table 5 are the variances of single 
fields, and since a section comprises 5 fields, the Ai part of the variance 
of the section mean number of borers per 100 plants is one-fifth of 
1,651.62, or 330.32, The square root of this, 18.17 borers per 100 
plants, is the estimated standard error of the real levels of population 
from section to section, corrected for the sampling variability within 
the sections. This discussion is more readily understood by assuming 
that the mean-square deviation between sections api)roximates the 
mean-square deviation within sections so closely that the diircrcnoc 
between them is well within the limits set for errors of random sam- 
pling. Then the variability between fields in one section and fields 
in other sections would not be significantly greater on the average 
than the variability from field to field within the sections and the Ai 
part of the variance would not exist. 

But the yli part of the variability within counties is irrelevant to 
the reliability of the estimates of the county means if at least one field 
is sampled in each section, and it should be eliminated in the estimate 
of the true sampling variability. In replicated field experiments 
Fisher (5) terms this method '.Tqcal controTb but it can be applied 
as well to methods of area-wide insect surveys. It is evident, there- 
fore, that only the Bi part^ oxihe yarianbe of the field means within 
the sections, applies to the xeliahiUty of Ike estimates of the county 
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means. In th,e solution as carried out here the local control is applied 
by dividing the county into four sections. The 20 or 25 fields saniphxl 
in these surveys were distributed over the GOimties, but were arbi- 
trarily grouped into 4 sections as being tlie solution conibining most 
advantages in the study. In order to carry out any forinal solution 
for the estimate of tire parts of the variance, there must be at least 
two^ assumed sections and at least two fields in each section. If tliere 
are the same number of sections^in each county the results niay be 
combined for study later. Also, in the study Iiereinafter carried'out, 
if there are four sections per county the estimatiMl variability of 
county means will proceed by four-field intervals, winch is a con- 
venient unit. 

Just as the total variability of tire field means from the county 
mean was separated into two parts, so also may the Bt part of the 
variance which applies to the reliability of sain])ling in the county be 
divided into two parts for more detailed study of the sampling methods. 
The first part, designated as the ^2 part, i^epresents the (Estimated 
variance of the real levels of population of the fields within tln^ sections, 
and the second part, designated as the B 2 part, represents the vari- 
ability of the sampling within the fields for tln^ estimation of tlie field 
means and will be taken at Tliis B^ part is obtained 

directly from column 9, c, in table 2. The total 8cS,8r)2 is divided 
by the number of fields (20) sampled in the (U)unty, which gives a 
mean-square deviation of 4,442.6. The scpiare root of this value, 
66.65 borers per lOO plants, is the corresponding stjmdard deviation. 
The components of this 4,442.6, affected respectively by modifications 
in the numbers of plants dissected to determine tlio number of borers 
per infested plant and in the numbers of samples taken to determine 
the percent infestation, are obtained in the same maimer from the 
corresponding columns, i. a., 9, a, and 9, b, of the same table. The 
mean-square deviation affected by the number of plants dissected is 
3,477.35 and that affected by the number of infestation samples is 
965.26, designated as the 62 and A parts of tlu^ variance, respectively. 

The ria part is equated from the Bi part as the Ai paxt was equated 
from the variance of the section means. The part, or the varia,- 
bility of the field means within the sections, is made up of a pa,rt, 
designated as the ^2 part, which, represents tiie difference of tlie true 
field levels from the section levels, and a part due to the variai)ility 
of the sampling within the fields. The latter is estimated from col- 
umn 10, c, of table 2, This column gives the estimated total variance 
of sampling within each field for the actual sampling (sombimition 
used. Each fichl has to be figured separately owing to the differences 
in the number of plants dissected in the various fields, otherwise this 
step could be figured in one operation, as in subtracting the Bi part 
from the variance between sections for estimating the Ai part of the 
variance. The sum of this column, 11,795, divided by 20 gives the 
average variance within the fields, or 589.75. This is subtracted 
from the variance witliin sections, jEfi, or 2,415.12, giving as A^ 
1,825,37, or the estimated variance of the true levels of population of 
the fields from the section levels ; that is, it gives the estimated vari- 
ance if all field levels and section levels were known without error. 
The square root of this value, 42.72 borers per 100 plants, is the cor- 
responding standard deviation among the fields within sections. 
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The sampling within the fields, however, contributes to the varia™ 
bility of the fields within the counties and thus influences the relia™ 
bility of the county means obtained as estimates of the true population 
levels. The ^2 given above^for and its parts, (J 2 and 

1 ) 2 ^ are taken for the basic estimate of these values for^counties for the 
purpose of. standardization. The sum of B 2 and A 2 is the estimated 
total variance of fields within sections when 1 sample pf 25 con- 
secutive plants is examined to determine the percentage of infestation, 
and 1 infested plant is dissected to determine the niunber of borers 
per infested plant in each field. The square root of this value, 79.17 
borers per 100 plants, is the corresponding total standard deviation 
for fields within sections. 

This completes the analysis of the variability of the samples as 
actually taken in the county. The information that has been derived 
is summarized in table 6. 

Table 6 . — Summary of analysis of the variance in surveys of European corn borer 
populations, Wood County, Ohio, 19 SB 


1 

Estimated variability of— 

Variance 

Standard 
deviation, 
borers per 
100 plants 

Designation 

Value 

Section levels from county level - 

At 

An 

B, 

A2-f'B2 

330. 32 
1,825. 37 
4, 442. 60 
6, 267. 97 

Number 

18. 17 
42. 72 
66. 65 

79. 17 

Fields levels from section level 

Sampling within fields (n'p==^7i'b~l) ^ 

Total of estimates of field means (n^p-n'h-l) from section means. 


SAMPLING VARIABILITY FOR THE COUNTIES GROUPED BY LEVEL OF POPULATION 

An analysis similar to that made in Wood County, Ohio, was made 
for each of the other 65 counties of the 1931 and 1932 survej^s in the 
one-generation area In which the sampling variability witliin fields 
was studied. The counties were then arranged according to the 
mean numbers of borers per 100 plants, and the variances aMed and 
averaged over specified ranges as shown in table 7. The ranges used 
here are entirely arbitrary, as in the case of the ranges used for the 
study of the variability of the sampling within fields. Corresponding 
standard deviations, both as actual values and as percentages of the 
group means of the numbers of borers per 100 plants, are also given 
in the table. 



TL ABiM7.--Summary of the sampling mriance tviiMn couniies of the estimates of the mean number of European corn borers per 100 plants for the 
coimties of the 1931 and 1932 fall surveys of infestation of the one-generation area studied 
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Examination of the results in table 7 reveals that the total s tandard 
deviation relevant to the sampling of the county means, 

increases in actual magnitude as the mean level of popiilatioii increases 
in the counties. This standard deviation also decreases in relative 
magnitude but with no pronounced trend at the higli.er levels of borer 
population. The standard^ deviation of the part of tlie variance, 
which is .the estimated variance of the real section leve.ls Iroin tlie 
county levels of population and is eliminated by the principle of local 
control, and therefore is not relevant to the reliability of the estimates 
of the county means, increases in actual magnitude as the mean level 
of population increases in the counties. The percentage this standard 
deviation bears to the county means is almost constant. The stand- 
ard deviation of the A 2 part of the variance, which is the estimated 
variance of the real field-to-field differences within sections, increases 
in both actual and relative magnitude as the county levels of popu- 
lation increase. 

The standard deviation of the (for part of the 

variance, which is the variance of sampling within the fields, increases 
in actual magnitude and decreases in relative magnitude as the county 
levels increase. Within the fields the parts of the I ?2 variance (X 
(winch is affected by the number of plants dissected, n';,) and D 2 
(which is affected by the number of infestation samples, n'p) show 
somewhat the same characteristics on the basis of counties as they 
did for the individual fields, when classified by population levels. 
Both parts increase in actual magnitude as the county levels increase, 
but the C 2 part increases very much more rapidly than the A part, 

These characteristics of the parts of the variability of sampling 
within the counties all influence the relative effectiveness of different 
methods of sampling in estimating the levels nf populations in various 
areas. Figure 3 shows the standard deviations of county means for 
various sampling combinations for the three levels 8.88, 57.55, and 
99.61 borers per 100 plants taken from table 7. 

The values for figure 3 were derived as follows: Let n' equal the 
number of sections per county (in this analysis assumed to be 4) and 
let k equal the number of fields sampled per section. Then the vari- 
ance of the estimates of the county means for any sampling combi- 
nation is given by the equation 


C\ , A 


cr^ county rnean^ 


A+-r + 

n f, n 
.n'k 





Equation 5 


As the number of fields sampled in a county is increased over fou^ 
the area is divided into an equal number of sections of uniform size 
and one sample taken in each to accomplish the greatest possible 
amount of local control, thus shifting more of the A 2 part of the 
variance to the part, but it was not practical with these data to 
carry out a solution which conformed strictly to this principle. 
Finally, the standard errors of the means for the various sampling 
combinations are stated as percentages of the corresponding means. 
Corresponding values for all sampling combinations for n'=4 with k 
values from 1 to 10 (4 to 40 fields) and and 5, and and 4 

were computed for the three levels shown in figure 3. 
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At the level of 8.88 borers per 100 plants, increasing the number of 
plants dissected, n's, from 1 to 5 within each field has nearly the same 
effect in reducing the standard deviation of the estimates of the 
county mean's as increasing the number of 25-plaB.t inlestatioii 
samples, n'p, from 1 to 4, and increasing both and n' p by these 
amounts at the same time is about twice as effective. As lilie levels 
of population of the counties increase, the reduction in the variability 
of the county means due to increasing the number of ndestation 
samples decreases rapidly, and the curve for and 

approaches the curve for n'^—l and n'p—1, and the curve for rh\~h 
and n'p=l approaches the curve for n\~5 and n''„=4. The charac- 
teristics of the various parts of the variability of sampling in this 
survey are thus revealed. 


DISCUSSION 

In the past, several studies have been conducted relative to the 
methods of sampling to be follow^ed within fields in surveys of insect 
abundance. From the standpoint of the methods of conducting 
area-wide surveys those studies give information only on a relatively 
less important part of the total variance of sampling, whereas they 
really should apply to the estimates of the mean of the larger areas. 
Furthermore, the fields in which the sampling studies were conducted 
often were selected and limited in number, thus still further limiting 
the appHcabifity of the results. It is only from actual survey data, 
such as are used in this paper, that estimates of all the essential parts 
of the sampling variabihty can be obtained. This information on the 
characteristics of the sampling variability in the surveys is obtained 
along with the_ current collection of information on the status of the 
insect population. The specifications which effectively meet these 
two requirements in a survey are practically the same. 

The method of sampling at the beginning of a survey must bo based 
on such information as may be at hand, including the knowdedg(' of the 
biology of the insect and host, matters of agronomy, the general 
principles of survey sampling, the objects of the survey, similarity to 
other surveys that have been conducted, and the reconnaissance 
observations that have been carried out previously (m the sanu'. 
problem. It should not be difficult to arrive at specifi(iations fairly 
near the most efficient ones possible by making use of all these fac.tors. 
As the data accumulate in the survey they are analyzed in reasonable 
detail and the desirable improvements in methods inaugurated. 

The three basic principles of survey sampling which are essential 
to meet the requirements of obtaining the most ndiable estimate of the 
area means, and the proper measurement of the parts of the sampling 
variable, are: (p Keplication or multiple samples in eaidi subdivision 
of the survey (i. e., counties or fields); (2) local control, or dividing 
the area to be sampled (counties or fields) into as many sections, 
imiform in size or representing aliquot parts of the host organism to 
be sampled, as there are samples to be taken; and (3) randomness, 
or taking one of the specified samples at random in each section . 
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Replication increases the reliability of the estimates of the area 
means, such as counties or fields, directly in proportion to the number 
of samples. The larger tlie number of samples taken, tlieref ore, tlie 
greater the reliability of the estimate of the mean, although as the 
number becomes larger the relative effectiveness of this factor per 
unit sample becomes less and less. When combined with the prin- 
ciple of local control, however, the effectiveness of the replication is 
usually greatly enhanced. 

The sampling variability which applies to the reliability of the 
estimates of the means is the variability within sections for each phase 
of sampling (county or fields in this survey). As the number of sec- 
tions is increased, more and more of the total variability of the given 
phase is shifted from the part of the variability from sample to sample 
within the sections, that which is relevant to the variability of the 
estimates of the means (5), to the part of the variance for differences 
between the levels of the sections, that which is irrelevant to the 
variability of the estimates of the means. Thus, by the combination 
of the principles of multiple samples and local control, the variability 
of the estimates of the corresponding means is reduced much more 
rapidly than the square root of the number of sam])l(^s operating on 
the total variability of the unit samples. If for any rcaison the sam- 
ples are grouped in clusters, some of the advantage of local control is 
lost and the solution for the analysis of the variance must be modified 
accordingly. This is true even though it is necessary to consider 
two or more of the samples of a given area of the survey together 
in a section of correspondingly larger size for the_ ansdysis of the 
variance. Some of the true section-to-section variability which is 
irrelevant to the variability of the estimates of the means is of neces- 
sity included within sections because of this limitation in the solution 
for actual survey data, but the entire gain due to local control by 
placing all samples in tmiform sections actually is inherent in the 
estimate of the mean itself. The discrepancy usually is not very 
great. Randomness in taking the samples within the. section is, of 
course, absolutely essential for obtaining either an imbiascul estima,te. 
of the_ corresponding means or a correct estimate of the sampiirig 
variability. 

Altliough these principles of sampling apply equally to sami>ling 
within fields or between the fields of a county, the phases dilfer 
greatly iti relative effectiveness, per uiiit sample, on the reliability 
of the estimates of the means. Increasing the nuttiber of sampler of 
the phases involving successively larger unit areas has much more 
effect on the reliability of the final means than like increases in tlm 
successively smaller units, although this advantage is offset to some 
extent by the greater cost of increasing the number of samples in the 
larger areas. The mathematical relationship in this survey may bo 
obtained from equation 5. The increased effectiveness of additional 
samples on the reliability of the means becomes loss pronounced as 
the number of samples increases, owing to the fact that the reliability 
of estimates of a mean is directly in proportion to the number of 
samples. No one phase, therefore, is increased indefinitely without 
regard to the othore, and a proper balance in sampling is maintained. 
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SUMMARY 

The data used for the analysis of the sampling vanahility in tl,is 
study consisted of the records of the l!)Ul and IP.^2 lall sui'voys, lor 
the number of European corn borers per 100 plants, of a total of Oi; 
county units located in the States of Indiana, Michijjan, Ohio, i^nin- 
sylvania, and New York, infested by the pne-^nuieration strain. 'Pho 
methods of determining the sampling variability^ within th(' fields, for 
the estimation of the field means, and the variability from held to 
field within the county (part of which pertains to the relial>i!ity of the 
estimates of the mean level of population in the counties) were 
analyzed in considerable detail. 

In sampling within the fields 4 units of 25 consecutive plants were 
first examined to determine the number of infested [)lants out of UM) 
plants; then from 5 to 10 of these infested plants w(M-e disst'cted to 
furnish an estimate of the average number of borei-s per inf(‘ste(l 
plant. The product of these two means gave, the estimate's of the 
field mean number of borers per 100 plants. The eepiation for the 
estimation of the variance of products from the variance of the factors 
was used to obtain the estimates of the variance of thesee field mean 
numbers of borers per 100 plants. This method expn'ssed the vari- 
ability of sampling within the fields in terms that permitted the dir('ct 
comparison of the contributions of any combination of the two sets 
of factors to the final variability of the estimate of the field mean. 

The variability from field to field within the counties was divided 
into three main portions by the methods of tin'! analysis of vai’iance. 
The first portion consisted of the variability between' county sectiotis 
each of which was arbitrarily chosen to include one-fourth of the fields 
sampled in the county. This portion of the variability, which repre- 
sented the estimated actual differences in level betw'eeti the sec'tions, is 
irrelevant to the estimate of the reliability of the county means, and 
illustrates the effect of applying the principle of local control in sam- 
pling in area-wide surveys of insect abundance. 

The variability of field means from the respective s(',etion means is 
divided into two portions, one representing the estimates of the 
variability of the true field levels from the respective section h'Vfds, 
and the other representing the variability of the (istimafios of the fic'ld 
means for a given system of sampling within the fields. 
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AN EXAMPLE OF THE ABILITY OF RIBES LACUSTRE 
TO INTENSIFY CRONARTIUM RIBICOLA ON PINUS 
MONTICOLA' 

By ,1. L. Miblke 2 

Assistant pathologist, Division of Forest Pathology, Bureau of Plant Industry, 
Uriited Blates Deparlmeni of Agricud^^^ 


INTRODUCTION 

Four species of Bihes are of special importance in the control of 
white-pine blister rust {Cronmiimn ribicola Fisch.) in tlie cormnercial 
range of western white pine (Pinus montieola Dougl.) in northern 
Idaho, northeastern Washington, and western Montana becansc of 
their abundance, distribution, and reaction to tlie rust (12)^ Idiesi^, 
in the order of tlieir numerical prominence, are Rihts lamstre (Pers.) 
Poii\, R. triscAsis^mn/imi Fursh, R, inerrne. Rydb., and R, petiahtre 
Dougl. 

Extensive field studies in the rust-infected regions of western North 
America have shown that very wide dilfereiKU's c^xist among these 
four species botli as to their susceptibility to the rust and to the sul)- 
sequent development of telia (,9).® Their ordcu* of pi’orninence in these 
respects is: Rihes petiolare, It. inenne. It. piseoHisf^itnurnf and It. 
lacustre, the first two species being relatively vcuy high, the third 
medium to low, and the last very low. On tlie liasis of the high 
susceptibility of and profuse .telial development on R. petiolare aiid 
R. inermej as observed early in the course of field studies in British 
Columbia (S), it was obvious that raiiid and severe chmiage to the 
associated stands of western white pine (IHnus montieola Dougl.) 
would occur as the rust spread into the region centering in northern 
Idalio. Both R. petlolare and It. inerrne are confinecl by habitat 
rc'quirements to limited areas along stream courses, which are favor- 
able sites for the development of the fungus. Therefore, in the 
region under discuission, the large-scale protection work against the 
rust carried on by the Bureau of Entomology and Plant Quaniritine, 
Unitecl States Department of Agriculture,^ luicl as its immediate^ 
objective the systematic eradication of rihes in the stream-type^ areas 
where one or xtiore of these highly susceptible species o(‘.cnirred (IB). 

As the rust spread and intensified in the region comprising northern 


VRoccivod for iFubliwiliou May 2H, IUH7: issiuMl February, lOJlS. 
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KuperviHod Uio, study, and to A. A, MoCroady, W, F. Ciummins, and O. J. Nusbainn, forrnor iru'mbors, 
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Idaho, western Montana, and ^northeastern Washiiigton, contimied 
observations showed that pine infection "was developing ^in^ damaging 
proportions in upland areas where both. Ribes wiscosissifYiufU and. 
R, lacustre were present. Recognition of this condition made it 
necessary for the control program in this region to include the eradica- 
tion of these species over the upland areas as well as the. inore sus- 
ceptible species found only in the streani-type a;rea.s. Since, how- 
ever, B. lacustre almost always occurs in association with other 
Rihes species, practically nothing was known regarding its pine- 
infecting capacity, but, on the basis of previous knowledge of its 
reaction to the rust, together with observations in the field, the 
species was thought to be relatively innocuous. The present study 
was undertaken to test this assumption. 

This paper reports the results to date of a study made over a 
period of several years in the vicinity of Revelstoke, British Columbia, 
on a plot situated within the only knowm area in western North 
America where the prickly currant {Rihes lacustre) has been solely 
responsible for blister rust infection of a stand of western white pine. 
Because the Revelstoke area is well within the range of Pinus rnonti- 
cola, results of the study are considered of value in connection with 
control of the rust in the region centering in northern Idaho. 

LOCATION AND DESCRIPTION OP THE STUDY PLOT 

The plot is located in the interior of British Columbia, approxi- 
mately 9 miles north of Revelstoke and on the east side of the Colum- 
bia River. It is 45 acres in size and is situated within the edge of an 
old burn on a steep mountainside with, a westerly exposure. A few 
small creeks, the largest of which enters the plot near the southeast 
corner and runs out midway of the western boundary after forking 
several times, drain the area very well (fig. 1). A large rockslide 
near the northeast corner considerably reduces the density of vegeta- 
tion in that part. 

Bordering the plot on the south side is a stand of mature timber, 
composed mainly of western hemlock (T 6 ^?/;< 7 u hcferophylla (Raf.) 
Sarg.), western red cedar or giant arborvitae {Thuja pllcata D. Don), 
and Douglas fir {Pseudotsuga taxifolia (Lam.) Brit ton), which extemds 
southward for about 6 miles. To the north and (uist is an extensive, 
burned area on which there occurs a sparsely stocked stand of rei)ro- 
duction composed mainly of western white pine and aspen {Populus 
Michx.). Near the west boundary is the Columl)ia, River, 
and on the opposite side of it there is a very extensive stand of mature 
timber composed mainly of western hemlock, western red cedar, and 
western white pine. 

The only pine, and also the predominant tree species, on the plot 
is Pinus monticola. All species are unevenly distributed on the area, 
with the greatest density of growth on the southwest haif. At first 
glance the stand appears to be almost pure pine in its composition, and 
in this regard it is typical of many others in the region. The principal 
tree associates of the pine are alder {Alnus sinuata (Regel) Rydb.), 
\villows (Salix spp.), paper birch {Betula papyri^era var. subcordata 
(Rydb.) Sarg.), aspen, Douglas fir, western hemlock, and western red 
cedar. The stand is in the reproduction stage and was about 25 
years of age at the time the study was started. The pines averaged 
slightly over 12 feet in height. 
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Bushes of Ribes hicustre^ the only Ribes species pix'seoi, two (‘on- 
centrated along* the creeks a.nd scattered elsewhere on the plot 1), 
This same species was also noted,- in moderate a.buiKiance al„()ng strea,ms 
a;n.d o.ri nioist areas on 
the lands surrounding 
the plot, particularly 
to the south, east,_ and, 
west. No other Rihen 
species were found 
closer than about 8 
miles distant. 

FIELD PROCEDURE 


The area waslocated 
in the late fall of 1927, 
but no work was done 
onitthatyear. In 1928 
the plot boundaries 
were surveyed and the 
45-acre area Avithin 
them was mapped and 
subdivided into bloclcs 
1 chain square (fig. 1). 

Numbered stakes were 
placed at all block cor- 
ners to facilitate future 
work. 

In the sunimer of 
1929, all the Prnun 
monticola treses on the 
plot were numbered, 
and their positions, 
together with the posi- 
tions of all Ribes la- 
cast re busings, were 
ma ])ped. Also, the 
number of feet of live 
stem for each ribes 
bush was obtained for 
use in computing the 
average amount of 
live stem ])er acre. 

No g(U)era] survey of 
{)ine infedion was 
ma.de, but all blister 
rust cankers observed 
during the course of 
the othei* wnrk were 
tagged and signilicant 
data recorded. Sys- 
tematic examinalions 

were made, however, of 100 buwshes of /?. lacustre io (hdnrmim^ tla^. 



-Revelgtoke natural pine iufcctiou arati pl<jt, HcvcLs(,<,»kc, 
British GoUnuhln. 


amount of rust jiresont on them. These bushes, which mainly oecairred 
s(*attered over that portion of the plot having tlu^. gr(^‘l^,est (hmsity of 
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the ribes and the pines, -were tagged and use(.l in subsequent years 
for the purpose of measuring annual infeetion. On tlie basis of the 
author’s past experience with the rust, the 100 Inishes wore considered 
more than an adequate number for giving an index' of the degree of 
infection over the entire plot. Also, extensive observations indicated 
that the infection on them w'as as great, if not sligldly greater, in 
amount than would be the average for all bushes. 

The systematic examination of the j)ines for blister rust infections 
was started in mid-June 1930. A numbered tag was attached to 
each canker found in order to prevent duplication aTid for future 
reference. Recorded data included: (1) Locatioti on the tree of the 
infected branch, (2) diameter of the branch at the lower limits of the 
canker, (3) distance from the lower limits of the canlcer to the bole, 
(4) diameter of the bole at junction of the infected branch, (5) age of 
growth on which the canker originated, and (0) stage of development 
of the canker. Using these data, together with infortnation on canlcer 
growth and effects reported by Lachmund (6‘), experienced assistants 
made estimates in the field as to w'hether the fmigus would grow 
down the branch and into the bole. In the event that this was 
e.xpected to happen, the number of years I’equired for such growth 
and for the consequent death of or severe damage to the free was 
also estimated. Limited time and personnel permitted examination 
of approximately only 60 percent of the trees in 1930, the remainder 
of them being examined during the following season. 

The data available by the fall of 1931 showed that i)ractieally all 
pine infection on the plot occurred during the years 1922 to i928, 
inclusive, the greatest part of it having originated in 1927. Any 
infection that might have taken_ place subsequent to 192<S was not 
yet readily apparent. Observations made in the fall of 1931 and 
spring of 1932, however, revealed that numerous cankers had not 
been found during the course of the examination in 1930, apparently 
mainly because of their small size at that time. Consequently, all 
the pines were reexamined in the summer of 1932, at which time many 
additional cankers of 1927 origin and some of 1928 origin were found. 
All of these were tagged and the usual data on them were obtained 
and recorded. Since the reexamination was being made fi years after 
the heavy wave of infection in 1927 and 4 years after a much lighter 
wave in 1928, it was concluded, on the llasis of earlier studies on 
canker growth and development (4, 5, 6), that all cankers having their 
inception in those yearn and previously should be of sufficient size 
to be readily visible in 1932. A check made a few years later indi- 
cated that this conclusion was correct. However, it was also found 
that a small percent^e of cankers had still escaped detection during 
the reexamination. Failure to find these few was irot ascribed to their 
small size but to the human factor involved. 

RIBES INFECTION 

No records of the extent of blister rust on Bibes lacustre arc available 
for 1922, the year of first-known pine infection, nor were systematic 
data obtained for 1927, the year of greatest intensification of the 
disease on pine. The first examination of B. lacustre was but a 
cursory inspection of about 30 bushes made in the fall of 1927 at the 
time the area was discovered. Less than half of them bore evidence of 
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the rust, whicli was present only in slight anioiint. In the fa, 11 of ,1928 
an intensive survey was made of this host on the ],)Iot, {nid again tlie 
rust was found to be very sparse, the degree of infedion bi'ing less 
than half that recorded in any subsequent year. vSl,a,rtii^g in 1929, 
however, sysi-{unalic data, were obtained aiiniially mitil 1985 on the 
100 tagged })ushes previously mentioned. Tliese dala., \\du(‘h are 
summarized in tal)le 1, were recorded and coinput<nl by tlu^ same 
methods described in a, previous paper (9). 

From ta,ble 1 it is evident, even for those years in wliicli there 
occurred the greatest development of the rust on Ribes lacustre, that 
while only an extremely small percentage of the total lower leaf area 
became infected and a still smaller pei^centage bore telia tliere lia.s 
been an almost consistent annual increase in the aTnoiint of rust. 
From these records, together with those obtained in 1927 and 192<S, 
it would seem possible tliat a similar relationshij) might liave extemkal 
back to 1922. If this relationship did not extcuui back to 1922, it 
still is reasonably safe to assume that the fungus was nevcu* much 
more abundant on R. lacustre tlian in tliose years for which da,ta, a,r(‘, 
available, for, as is later sliown herein, very few sporuhiting (‘a,nlc(M*s 
could have been present on the area to have (%ans(ul such inferdlon. 
Even if the rust was more prevalent than tluit shown from 1929 t.o 
1934, however, it seems doubtful if it ever was pr<‘.s(mt in sudlcitmt- 
amount to be classed as a lieavy attack on this Ribes spe(‘ies. In 
support of these suppositions it may be demonstrated tliat the rcu'ordcut 
infection lias been very light when percentages of totid leaf area 
infected and total leaf area bea.ring telia (table 1) are comj)a.x*e<l with 
tlie average figures for susceptibility and telium-jirodiudng (*apadty 
of E. lacustre presented in table 2. The figures in talile 2 w'ere ob- 
tained by Mielke, Cliilds, and Laclimund in their hirge-scale relative- 
susceptibility studies (9). Since nearly all tlu^ R, lacustre bushes 
on the Revelstoke {ilot grew in the shade or ])a,rtial shade of other 
vegetation, the data pn^sented for them should be compared mainly 
with the data for corresponding growth forms shown in table 2. 


Table 1. — Annual blister rust infection of 100 tagged THhes laenstre hushes on the 

Revelstoke plot, 



Buslies 


'Pol, 111 U)Wor Itaif [imi 

I’Ajar 

Examined 

Irifeeted 

.Exatnlned 

I nf(H‘1 ed 

lnfccte.d 

Ueuriii'i, 

(nlia 

1929.. ... ... . 

193(1 ,, 

1931.. . 

1932.. .... 

1933.. .. ■ . 

Number 

100 

K)0 

JOO 

JOO 

lOO 

m 

Number 

39 

m 

100 

100 

100 

Number 
7n,5m 
59,650 
50,710 ! 
36, 745 
57 415 

Numbt’r 
73H 
837 
1, 815 

5, 144 

1 (X 1 f t 

Perce fit 

0. 05 
.07 
.19 1 
.59 

■■ ■ ■ .'qq 

Percent 
9.01 
. 03 
. :..C)5 

1 . 17 

, 07 

1934„..„,...„,, 

98 

mlmh 

1 «>iu 

6, 597 

1 . M 

. 35 

!()4 


Table 2.— Average figures for susceptibility and Udium-produemg eapacMy of 

Ribes lacustre 


/L /(nw.,Vr^ as related to exposure to 

1 'Total low< 

a" l(‘,ar aroa 

Ik: firing telia 

rurt-shadn„.. ■ 

JU'.rc.cnt 

3. 1 
4.3 
8. 1 

Percent 

0.4 

19 
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PINE INFECTION 

As a result of the examination of the pines ixiade duriiig tlie years 
1929 to 1932, iiiclusive, a total of 10,109 carilanvs w rceorded. 
Analysis of the data,, by Lachmiind^s ( 4 ) method of detei‘miiun^i>* the 
age of blister rust infection on western white pine, indicated tluif, 337 
of these cankers had their inception in 1922, 150 in 1924 jind 1925, 
and the reinaiiider, 9,622, in 1927 and 1928. Possible inioctions 
originating in 1929 or subsequently had not yet reached a readily 
visible stage of development at the time of the last examinatioii in 
1932, and consequently no particular effort was made to record them. 
Therefore, only those cankers that had their inception in the years 
1922 to 1928, inclusive, are considered in the study. ^ 

Neither the exact place at which pine infection first became estab- 
lished on the area nor any original canker was discovered. As a result 
of extensive studies on the ground, however, it was evident that both 
the place of origin and the center of pine infection were well within 
the plot boundaries. Of the oldest cankers found 337 were on the 
plot and a few others in the immediate vicinity, ail of wdiich had their 
inception in 1922, but that year is not regarded as the one in which 
pine infection originally occurred on the area. According to^ the 
aiithor^s experience in the West, the abundance and scattered distri- 
bution of these cankers would strongly indicate that a few older ones 
must have been present at one time, for almost invaiiably tlie iiiimber 
of trees originally infected and the number of original cankers at an 
infection center are comparatively small, being generally less than ID 
even when highly susceptible ribes species are present. In this case, 
over 300 wudely distributed pines bore the cankers that originated in 
1922, and consequently it would seem reasonable to assume that some 
pine infection must have occurred prior to that time. Considering 
the available evidence, together with the normal development of the 
fungus (5) and the general spread in 1917 and 1918 (S); it is believed 
that the rust first became established in pines on the plot in eitlier 
one of those years. Failure to find any old(3r cankers inay very 
possibly be attributed to destruction of the tree or trees that bore 
them when a highway (fig. 1) was built through the area about 1925, 
for this highway crosses the part of the plot that has tlie greatest 
density of pine infections. 

The results of the studies on pines are sunmiarizcd in table 3. 
Observations made in 1933 indicated that possibly as iminy as 5 ])cr- 
cent or more of the cankers had been missed during the examinations, 
consequently the number of trees infected, the number of cjinkors, 
mid the degree of damage were somewhat greater than the (‘orrospond- 
ing data showui in the table. Since, as previously staged in the section 
on Field Procedure, the data on tree damage arc based mainly on 
estimates of future development of the fungus in the bark, their 
reliability may possibly be questioned. All cankers found were 
tagged, however, and it was therefor© feasible to make a future checdv 
of the estimates. This w^'as done in the fall of 1936, live to seven 
seasons later, depending upon the time the original work was done. 
Results of the check indicated that the estimates w^ere of sufficient 
accuracy to make revision of the summary data unnecessary. From 
the data in table 3, it is anticipated that a higher percentage of trees 
infected in 1922 will be killed or damaged than of the trees infected 
during the entire period of 1923-28. A discussion of the factors 
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responsible for this percentage difference is not considered vvitliiii tlio 
province of this paper, but they are known to^ include height of tree, 
width of crown, and difference in basis of trees infected in the different 
years. 

Table 3. — Blister rust on western white pine on the Itevelstroke plot 


Years in which iiifeetioii 
occurred 

Trees 

f.Uink( rs 

Total 
on plot 

Infected 

To killed or damaged > 

Total 

Avi‘rag(‘ per tn‘(! 
on basis of— 

Num- 

ber 

Per- 
centage 
ol in- I 
fccted i 
trees 

1 

Per- 
centage 
of total 
trecvS 

Infect- 
ed trees 

Total 

trees 


Number 

Number. 

Percent 




Nwmber 

Number 

Nn mber 

1922, 

9, am 

312 1 

3. 35 

203 

(15. 06 

2. IS 

337 

1.08 

\ 0.(130 

1922 to 1928, inelusive 

2 9, 929 

3, 417 

34.45 

1, 500 

46. 82 

16. 13 

10, 109 

2.96 

1.02 


> The term “damage”, a,s used in this iiaiwr, denotes injury to tlio pines to tlu'. ex1,(mt of prcvamting ultinuite 
merchantable value, 

^ The dilTorenco in total number of trees is accounted for by tlu^ increase in numbc'r of sta'dlings. 


Although it is evident that the intensification up 1.0 1928, inclusive, 
has been very rapid, this cannot be eonshlored as ('xceptional, for 
instances of similar and oven greater rates of increase in tlu^ rust on 
Pinus monticoh have been reported (7; H, ‘p. ,WS: //), and the author 
has observed many otliers during the past 12 years. If tlie rust con- 
tinues to increase at the same rate that it did from 1 922 to J 928 (table 
3), nearly all pines on the plot will be infected by approxiimitely 1940. 
An examination of the weather records for Rcvclstok<>. indicated that 
both 1922 and 1927 were favorable years for the infec.tion of pines, 
whereas the intervening years and 1928 were relativ(>ly unfavorable. 
Approximately only one season in every 5 ycnirs lias l)(Hm favorable', 
for general spread of the rust in the interior I'cgioii, while in tlui coastal 
region of British Columbia, Pennington (/O) found this average to he 
one in every 4 years. Accordingly, it would apjx'ar that intcnsilic.a- 
tion of the fungus on the plot will be governed largely by climatic 
conditions and will occur at an irregular" rate. A rclialde estimate of 
the Bme re(iuircd for infection of all pines is thendon^ difficult to make. 

The Tiumher of feet of live stem per acre is commonly used as a. 
niiiasure of tJio abundance of a Hiheii species on an area, lit se,eined dc- 
.sirable, therefore, to use this criterion in determining the amount of 
Iiihe,9 lamstre, on the plot. As the result of a careful check, a total of 
24, 1 1 1 feet, or an average of 536 feet per acre, was fouiul. The l)ush(‘,s, 
which varied greatly in size, were not generally distributed ov(ir tlu^ 
area, but occurred in greatest density in the vicinity of tlie creeks (fig. 
1). R. lacustre was also found in the immediate vicinity of the plot, 
but in lesser densities, and because of their location tliese bushes aro 
not regarded as being responsible for many of the ])iue infections. 
Whether occurring on or off the plot, however, R. lacuatre was solely 
involved, for it is the only species of Ribes known for several miles 
aipund. There aro plantings of the cultivated hhick c.urrant (R. 
nkjnim L.) about 8 miles distant, but spores from tlu'se plants are. not 
believed to have caused any of the cankers on the plot, for no instances 
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are known of spread from Ribes to pines over distances even oiie«tliird 

as great. . i 1 ^ 1 

The pines occur in greatest density on the south liaii oi the plot/ 
and except for a few small areas the stand cannot be considered, as 
fully stocked, for in 1927 there was an average of only about 220 trees 
per acre. The older trees have been bearing cones for sevei'al ycairs, 
and some seedlings appear annually. However, it tlu^ pr^'scuit rate 
of intensification of the rust and the small number of cankers re(j aired 
to kill such young trees are considered, few of them may be (expected 
to survive for very long. Accordingly, there appears no possibility 
of the area becoming fully stocked with white pine or of the present 
stand reaching maturity so long as Rihes lacustre is present. 

DISCUSSION 

Western white pine occurs in two separate belts, which may be 
designated as coastal and interior. Both the Eevelstoke area in 
British Columbia and the region centering in northern Idaho are 
within the interior belt. The same tree species occur over most of 
this region, and the summer climate is fairly uniform, although a 
somewhat greater amount of precipitation occurs at Revelstoke than 
in northern Idaho. This similarity in general conditions between the 
two places would seem to make the results of tlie study of more than 
local application. Before any final conclusions are reached, however, 
certain climatic factors should be more carefully considered, for 
weather conditions to a large extent determine the spread and severity 
of blister rust. According to Pennington {10), moisture is more im- 
portant than temperature for infection of pines and ribes. Because 
of the importance of moisture, a comparative summary of the rainfall 
during the growing season at Revelstoke, the weather station nearest 
the plot, and various places in north Idaho is given in figure 2. It 
is evident from the pine-infection data that Bibes lacustre caused 
rapid intensification of the rust on Finns monticola near Revelstoke, 
but rainfall there is somewhat more abundant than at the weather 
stations in Idaho used for comparison. This differoiu'c in rainfall is 
apparently of little consequence, however, for the author has fieen 
unable to detect its effect in any difference in the devvedopmont of the 
rust between the two regions, and according to various reports (/, i, 
11, 12, IS, 14), the fungus is well established and intensifying at a 
very rapid rate in the white pine forest of Idaho. The results of the 
study would therefore appear to be of value in connection with control 
of the rust in the region centering in northern Idaho. 

The rapid intensification of the rust that occurred on the plot was 
contrary to expectation, for it was thought that Ribes lacustre, with its 
low susceptibility and low telium-produeing capacity, would not cause 
such abundant infection of pines. The data strongly indicate, how- 
ever, that i?. lacustre constitutes a far greater menace than has hitherto 
been assumed and that susceptibility and capacity to produce telia 
are not necessarily safe indexes of the relative importance of a Rihes 
species as a source for pine infection. The results of the study are of 
special significance in illustrating that stands of western whiter' pine in 
infected areas may be severely damaged by blister rust if R, lacustre, 
which is the least susceptible of the four most important species in the 
pine region centering in northern Idaho, is allowed to remain in con- 
siderable numbers within and ad|ac§ht to the stands. 
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Aside from the fact that Ribes lacmtre is ca|)a,bl(3 of rapidly intensi- 
fying blister rust on western' white pine, there a,re otlier fa^ctors tliat 
make it a very important host in the region cen(,ering in northerii 
Idaho. Nianerically it is the most abundant of the foiii* (‘ornnion 
ribes in that regioil, as evidenced by the control worlc from 1023 to 
1935, inclusive, for nearly oiie-half tlie total niindan* of ribes destroyed 
were of that species. R. lacmtre is widely disl-ribiPc'd ov(u* tlie 
region, occiirring generally in the forested a.rcsa. It is a. tolerant 
species and is not coriim to any particular site (‘onditions, growing 
not only in moist soils bordering streams but also on thc^ drier upper 
slopes. ' The wholesale destruction of this plant by chemical means 
has not yet been practicable, partly because of its resistance to ordiiiary 
dosages" of chemicals that 
may be safely or economi- 
caliy used. Since R. lacustre 
is a species that propagates 
readily by layering, hand 
era dication is so m e w h a t 
more difRcult tlian witli some 
of the otlier ribes. It would 
seem, therefore, that R. 
lacustre is as much, if not 
more of a problem in the 
control of the rust tlian some 
of the more suBceptible 
species. 

SUMMARY 



APR. MAY JUNE JULY AUG. SEPT. OCT. 

tGURE 2.~GrMphical suminHry of rainfall at Rovolstokt% 
British Columbia, and in Idalio. I'hc monthly rfiinfall 
avoraKOS for [{.(sviVLstokn cover a fjeriod kif 32 years and wia’o 
tak(>ii from British C()liirnl)ia l)(!j>nrtin(iUt of Agriculturo 
weather records, Rei)ort for 1933. Idit* averages for Idafm 
wcr(^ computed from United St}it(\s W(jat;lier Bureaiu records 
obtained at Avery, Prichard, Si. Maries, Priest Hiver Ex- 
fXTiment Station, and PicTee. covering various periods 

Four species of Ribes arc 

of special importance in the control of white-pine blister rust {Cronar- 
Hum rihicola) in the western white pine region (‘entering in northei'n 
Idaho. Numerically, tlie most prominent of these is the prickly cin*- 
rant (Ribes lacmtre) , which is relatively very low both in susceptibility 
to the rust and in the production of telia,. This [)apcr ir^ports tJu' 
results of a study, (‘ondiictcHl over a number of years on a, 4r)-acre plot 
near Revclstoke, British (kilumbia, on tlie ability of this (‘urnmt to 
sjiread blister rust to westcuMi white pine {Finns monticola). 

Although th(' known infectmn of Ribes lacustre on the arcui has 
l)een relativity small in aniount for this spe(ties, the rust- luis iniensiliial 
rapidly on the pines. The available evidetu'c in(li(‘a.t(‘s tiuit a. few 
tiT.es first lieiuuno inf(H*ted in either 1917 or 1918. In 1922 over 3 
{lerccnt were infected and by the end of 1928 about 34M fxu'ceut of 
the total of 9,920 pines on the plot were disea, sivl. The ca-nktuvs 
increased in iminber from 337 in 1922 to 10,109 in 1928. This a-tta(‘k 
has been severe enough to result in the death, oj* serious damage of 
1,600 treeSj^.or.over 16 |>ercent of thedotal. 

If a similar rate of intensification of the rust contirunvs, it will 
obviously be but a matter of a few years before practi(‘,aJly all the, 
pines become infected and serious damage or deatli results, TIku'o 
appears no iiossibility that the stand of western white pim^ on the, 
area will reach ma,turity under the prevailing rust (Huiditioius. 

liesults of the study indicate that lacustre (‘onstitntes a far 

greater menace to western wkite pine than has hitherto l)eeu assumed 

^ « Information furnished by officials of the Division of Plant Disease ("Control, Bureau of Kntomology and 
Plant Quarantine, and used hero with their permission. 
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and tliat this species must be eradicated where it occu.rs in. or near 
pine stands if such stands are to be protected against the rust. 
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WATER SOAKING OP LEAVES IN RELATION TO DEVELOP^. 
MENT OF THE BLAGKFIRE DISEASE OF TOBACCO^ 

By E. E. Clayton 

Senior palhologisl, Diim^ of Tobacco and Plant Nutrition, Bureau of Plant 
Industry^ Ihdled States Department of AgricuUure 

INTRODUCTION 

In a previous pijI)lication - the general situation with respect to the 
wildfire and the blackfire or angular leaf spot diseases of tobiiceo 
(Nicotiana tahacum L.) was discussed and the need for explaining the 
occurrence of leaf spot epidemics was indicated. It was shown that 
epidemics of wildfire (Bacterium tabacum Wolf a,nd Foster) a.re condi-' 
tional on the occiirrence of leaf water soaking, and the fjictors modify- 
ing leaf resistance to water soaking w^ere discussed. Th('S(', r(^sults are 
extended in the present paper by similar studies with ihe l)la(hhi'e 
(Bact. migulat'um Froinme and Murray) disease, 

Blackfire is the common tobacco leaf spot disease of \’irginia, North 
Carolina, Tennessee, Kentucky, and Wiscoiivsin. Following its iden- 
tification by Frornme and Murray it was long regarded as (vst,ablish(‘d 
that the disease was caused by Baderi/um angukdum and w^as sia-ious 
and destructive. It was a fact, however, that no one liad pr*o- 
duced the ‘‘epidemicT type of blackfire (see fig. 2, A) under controlled 
conditions. Inoculations produced only small localized h'Sions (fig. 1), 
and in conseqaence Valleau suggested that tlie ejiideinic type of lea,f 
spot was iionparasitic in nalure. It is believed tliat the results pre- 
sented in this paper adequately clear up this situation. 

EXPERIMENTAL RESULTS 

Methods of study and preliminaiy results with Bacterium angulahm 
paralleled in all details those given in a previous publication'' for 
Bad. tabacum. 

In rcpeatiHl controlled experiments, it was divinonstrated that the 
difrercu(‘.e between disease development as shown in figures 1 and figures 
2, yl, was entirely do[)endent on leaf water soaking (fig. 3). fidius, for 
example, 12 Jc'aves W(U‘('i selected and one-half of each was sfirayed urdil 
a water-soaked <‘ondilion of these areas was produced. 8ixly-fiv(^ of 
the water-soaked areas were then inoculated by priefidng the-m lightly 
with a needle dipped in a. suspension of the l)a.(‘4xvria, and an ecpiai 
number of iuoculaiions were made on the unsprayed halvc^s. Hie 
remaining w^ater-soaked areas were left uninoculated. The imxuhi- 
tioxis of w^ater-soaked areas produced lesions in every caisc^, ranging 

Uleoeived for publication, A 18, 1937; issued iTebniary 1938. 
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from Js to 1% inches in diameter. The in oe illations ■without 'water 

soaking ])ro(l need 
either no infection or 
at most a ^ lesion less 
than one-eighth of an 
inch in diameter. The 
w a t e r-s o a k e d condi- 
tion of areas that were 
not inocnlated disap- 
peared without any 
leaf injury. Further- 
more, the lesions on 
the water-soaked areas 
developed so rapidly 
that they were of large 
size when the plants 
wwe removed from 
the damp chambers 
(()(} hours after inocu- 
lation). 


Figure l,-— Leaf moculated hy atottiiamg with a Baiferium angula- 
turn suspenfeion, photographed 20 days later The losions have 
attamea full anti are typical of those obtained 'without the 
aid of water soaking 


INOCULiVTION OF 
UPPFR AND LOWER LEAP 
StJRPACfcl 

In the work with 
wildfire it was found 
that, provided water 
soaking was present, 
there was little or no 
difference in the results 
from lower or upper 
leaf- surf a c e inocula- 
tion. With Bacterium 
aiujulafmn, which ap- 
pears to be a less viru- 
lent parasite, there 
were significant dilTer- 
ences in results be- 
tween the two surfaces 
(table 1). 


Table 1. — Effects of different combinations of water-spiay and inoculation 
treatments on the upper and lower leaf surfaces 



Leaf surface given— 

Initial 

lesions 

Ijoaf 


Loaf surfue given - 

Leaf no 

Water 

spray 

Inoculation 

area 

finally 

killed 

I^eaf no 

‘W^'eter 

spray 

i Inoculation 

1 

Upper. _ . 

Upper* *. . . 

Number 

36 

Percent 

20 

1 

Lower.. 

Upper. ... 

2 

.do ... 

*-do 

36 

60 

2-. 

..do.... 

...do 

3 

-do-.-- 

. do 

20 

20 

3 

..do.... . 

.do..... 

1 

do 

Lower.... 

260 

80 

1 ... 

.-do._..„. 

Lower 

2 

do ... 

-.do... 

154 

60 

2 

..do.-... 

...do..... 

3 _ 

. do 

do. . 

160 

100 


.do...... 

..do...... 


Initial 

losions 


Number 
125 
I 12 

, 70 

' 224 

I 168 

450 


Loaf 
area 
final h 
killed 


Percent 

20 

10 

10 

40 

20 

SO 




Dec. 15, 1937 


T)evelo%mient of Blackfire Disease of Tobacco 


885 


TlmBy with Bacierimn wng^^^^ even witli. water soaking, ttie 
number of initial lesions and usually tlie siibseqiient disease daniage 
were much greater from inocuhition of lower leaf surfa,<‘es, though, it 
did not appear to matter greatly whether tlie water soaking was "pro- 
duced by spraying upper or lower surfaces. Tlie dualv inoculations 
of leaves not soaked that accompanied this exptuhnent- ])i‘odu(*<Ml only 
scattexing small lesions, and these caused practi(*ally no leaf daxnage. 

EFFECT OP SIZE AND I’EllSISTENCE OF WATER-SOAKED AREAS ON LESION 

DEVELOPMENT 


Experiments witli size of water-soaked areas in relation to blackfire 
development showed tliat, as with wildfire, larger wmter-soaked areas 



Picjuiu-i 2. “The blackfire disease us it developed from artificial inoculation umicr fa,vorable fUdd conditions; 
A, Lower leaf, showing typical symptoms of the destructive epidemic typo of disease which is usually 
called blackfire; B, ur)per leaf from the same plant, showing lesions of a type frtuiuently described ns 
angular leaf spot. 

favored tlie developinent of larger lesions. Thus, the following results 
werevobtained: 

Leaves not water-soaked. — Twenty prick inoculations gave eitUer no infection 
or a mere trace. 

Leaves water-soaked, areas one-eighth to three-eights of an inch in diamcittu’.— 
20 prick inoculations gave lesions ranging from one-eighth to thriH'.-eighths of an 
inch in diameter. 

Leaves water-soaked, areas % to l}i inches in diametcM-.—Tjcsioim ranged 
from one-fourth to three-fourths of an inch in diameter. 

With small areas, tlie average size of the lesions Wfis 0.3 inch, whidi 
"was about the average size of the original water-soaked areas. The 
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lesions with krgew alor-soaked areas avera^wl 0.7 ineli in diameter, 
but this was much less than the size ot the original water-soaked areas. 

Kej)oat(Ml tests have 
sho-wii that tliis is the 
usual eondition, namely, 
that small water-soaked 
areas are (‘om pleteJy 
invaded but largerareas 
are not. 

The lime that tlie 
water-soaked leaf con- 
dition persists after in- 
b'ction lias occurred is 
ot great importance in 
blackfire developinent , 
as is^showTi in table 2 
and figures 4 and 5. 

Theaetual number of 
infections secured was 
about the same when 
tiie leaves were water- 
soaked for 10, 24, or 
50 hours, but with the 
shorter periods develo])- 
ment of the lesions was 
cut short and damage 
to the plant was slight. 
Figure 4, ufl, shows that 
it is quite possible for 
leaves to be freely in- 
fected by Ba cteriunn 
angulatv m and then, 
even after eiiidemic dis- 
ease d e v e 1 o p in e n t is 
well under way, the 
})rogreHS of the disease 
can l)e a b r u p 1 1 y 
eheckod. These re- 
sults explain why even 

severe storms, when followed at om‘e by clear weather, are not elective 
in producing blackfire outbreaks. 



FiGtjTEE S —Entire leaf inoculated with a Bactmum anoulcitum sus- 
pension. Eight half previously wat or-sprayed, left half not water- 
sprayed. 


Tabpe 2. — Relation of perBislence of water-^hoaked areas to di$ea^( development 


Leaf area killed after lO days 
when water soaking was 
eontimed for— 

Leaf no. 

Leaf area killed after 10 da>s 
when water soaking was 
continued for— 

10 hours 

24 hours 

60 hours 

10 hours 

24 hours 

50 hours 

JPeremt 

Pmmt 

Pe,runt 


Peremt 

. Fmmt 

Percent 

1 

$ 

20 

8 

2 

, 3 

20 

1 

8 

16 



1 

5 

75 

1 


16 

10 

2 

10 

60 

i 

5 

26 

IL-. , 

2 

8 

76 

2 

3 

26 

12 „ „ 

2 ' 

8 

76 

1 

5 

26 





6 

2 

16 

Average . 

L8 

5 4 i 

37.1 
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Fkhtue 4.—"FlTo<*t f)f duration of wnter-soakod condition on (liH(LMU50 <l(ivolo{)nuud.. Until loaven worn water- 
soaked and inoculateti alike. With .1 the water-soaked condition was mnintaiiuui in a saturated atirios- 
t)horo for ‘M hours; with li, for .50 hours. Note the heavy infectioTi hut arrested disease devidotuucnt 
on-d; wdth tlie final result was oxfensive tl.ssuc de.struetion. 

EFFECT OF TOPPING AND FEilTir/IZA.TION PRACTIGEB ON BUSCTEPTIBILXTY TO 

BLACKFIRE 

Jfoiglit of topping; liiis u marked effect on (fie Huseeptibility of (Jie 
host idaiit to epidemie blackfire, just as was ])rev)ously sliown for 
wildfire. In ta,ble if results are given from a. field l,es(, eonducfic'd in 
lOkf). All plots were uniformly inoculated and conditions were moder- 
ately favorable for disease devdopment. Low-to])])ed plants averaged 
30 leaves per plant; high-topped plants, 18 leaves; jilanls not toiijied, 
25 loaves. The percentage of leaf area destroyed by disease was 
estimated for 40 leaves from each plot. 

_ Topping effects are at once marked and consistent, and low to])- 
ping is undoubtedly a major factor in promoting blackfire da, mage in 
the dark-fired tobaeco-producing areas where this jiraetiee is ossenUal 
to produce a large, heavy type of leaf. 

It was not ])osHil)le to make so detailed a study of fertilizer influ- 
eaces on hlaokfiro development as was made on wildfire development. 
However, numerous observations indicate clearly l,ha(, lo\v-po(,ash 
and lugh-nitrogen fertilization increase blackfire dsuuagi'. These fer- 
tilizer effects were very apparent in plot work (‘.otidiic(,c(l on soils of 
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low natural fertility, where the same fertilization trealnients were 
repeated year after year; but on iiiodoratel}^ fertile soils, with the 
application made but a single year, even marked variations in the 
quantities of nitrogen and potash applie<l in the fertilizer luu.1 but 
little elfect on blaekfire development. 



Figure 5 —Ellect of water soakmg and duration of water-soaked condition on blaekfire development for 
entire plants. Both plants were water-soaked and inoculated alike. A was then held in a saturated 
atmosphere for 10 hours; JB, for 50 hours. Photographed 12 days later. 

Table 3. — Percentages of leaf area hilled following different heights of topping 


Low topping 1 

Fligh topping i 

No topping 1 

60-30- 8-20-15 

2- 5-30- 5-30 

8- 2- 5- 2- 2 

5-12-20-15- 5 

10-10-10- 6-10 

5- 1-5- 1-4 

2- 4- f5-10-20 

2- 5 - 3-15- 5 

4- 1'. 2 2- 3 

10-12- 4-50-10 

10- 5- 4- 8- 6 

5- 5 2 5 2 

30-10-20- B-30 

8- 3-10-10-10 

3 5- 2- 8-25 

25-15- n-lO- 2 

5- 8- 8- 2- 8 

4- 5-2(MD- 1 

20-12- 5-35-30 

8-40- 2-8-8 

2- 5™ 3 4- 5 

20-25-20-30- 2 

5-30- 8- 4-15 

, 5- 1- 2 - 2 25 

Average 16,8 

Average 9. 5 

A verage 5. 4 


1 Each of the following 40 percentages refers to a separate leaf. The values are arranged in groups of 6 
merely for convenience and to save space. No relationship exists among values occupying similar positions 
in different columns. 


DISCUSSION 

The results secured in these experiments with blaekfire, caused by 
Baeterium angvJatum, are similar in every respect to those previously 
reported for wilc^e, and it seems clear that with types of tobacco 
grown in the United States epidemic development of blaekfire is de- 
pendent on water soaking of the leaves. Water soaking breaks down 
host resistance and permits successful and rapid tissue invasion by 
the organism. 

Bacterium angulatum, while similar in mode of action to Bact. taba- 
cum, is evidently a less virulent parasite. Thus, throughout the work 
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in parallel experiments, infection with Bact. angvMmn in the absence 
of water soaldng was less easy to secure and the infections were less 
numerous, developed more slowly, and were smaller; with water soak- 
ing and more favorable conditions, these differences still j)ersisted 
though they were not so marked. With favorable conditions, both 
organisms can practically destroy'a crop in a short time. 

Some degree of blackfire protection can bo secured by high top- 
ping, and low-nitrogen and high-potash fertilization is also helpful, 
but these practices can be applied only in areas where tlie type of 
tobacco grown will permit. They are applicable to the flue-cured 
area. 

However, it is evident that effective blackfire control must be 
sought by other means, and the most promising of these are (1) sani- 
tation and other measures designed to eliminate sources of infection 
and (2) development of varieties still more resistant to the disease 
than those now available. In the latter connection it is to be noted 
that varieties grown in the United States are practically all moder- 
ately resistant to blackfire, which accounts for the fact tliat they 
suffer little damage from, tlie disease until this resistance is broketi 
down by the conditions incident to heavy storms. 

SUMMARY 

Tobacco leaves are readily infected by \BaAleriuM arngulatufUj but 
under ordinary conditions invasion is limited to small areas. The 
lesions are usually one-eighth of an inch or less in diameter, and large 
numbers of infections cause but little damage to most types of tobacco. 

It had been suggested that the large, (piickly developing lesions 
characteristic of epidemic blackfire were nonparasitic in nature ; but it 
is now shown that they are caused by Bad. aaigulaiaw^ but only imd(3r 
special conditions. Tlie resistance of the leaf to invasion must first 
be broken down by water soaking, which in turn results from severe 
storms. 

Even after leaves are water soaked, however, aud infecd.ion has 
occurred, tlie development of the disease is abruptly checked if the 
wat6r-soa.ked condition disappears within a few hours. K[)idemic dis- 
ease devolo[)mont was repeatedly obtained by water soaking the 
leaves for 4<S hours. Resistance of the leaves to water soaking, ami 
hence to the disease, has been shown to be greatly modified liy f-op- 
ping and fcrtilizatioii practices. High topping and low-nitrog(Mi and 
high^^^^^ fertilization increase leaf re^sistnnee to wa.ier soakiiig, and 
these measures ar(^ rox^ommended as practicaihle in the flue-cured 
tobacco, area. 
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ROLE OF MOLYBDENUM IN THE UTILIZATION OF 
AMMONIUM AND NITRATE NITROGEN BY ASPERGIL- 
LUS NIGER ' 

By Kobe RT A. St'einbf/r(i 

Associate physiohffistj I)msion of Tobacco and Plant Nutrition, Bureau (f Plant 
Industry, United States Department of AgrkuUure 

INTRODUCTION 

A study of tlie factors associated with the very r>oor »:rowth and 
sporulation of AspergiUus niger Van Tiegli under cau’tain conditions of 
molybdenum deficiency, briefly mentioned in a. foi'miu* publication 
(Idjy is reported in this paper. ^ The evidence obtained renders it (}uit(^ 
probable that one of the functions of molybdenum in plants is in the 
reduction processes whereby ammonium nitrogcui is fornKal from 
nitrate nitrogen; that is, the marked effects of inolylxlennm deficuency 
appear to be associated with the presence and utilization of nitrate 
nitrogen. Its action seems to bo unique in this r(\gard, inasmuch as 
acidity, iron, zinc, copper, and manganese do not, act- similarly. 

The data of prior investigations on the utilization of ainin()niuin and 
nitrate nitrogen by green plants (/, 10, 1:1) and l)y fungi (/S, 13} 

have been explained variously on tlie basis of hyilrogcm-ion coiKieiitrar 
tioii and of iron, copper, and inanga-nese coiuamtration. Tlie con- 
sensus of opinion is that tlie processes of nitrat(^ utilizalioii arc quite 
similar in green plants and fungi (4) and culminate' in tlie I’ortiuition of 
ammonium ion for the syntliesis of amino acid and protein. Certain 
differences exist, nevertlieless. Green plants would ap])ear to tlirive 
best with nitrate nitrogen as a rule, though ammonium nitrogen can 
give results fully as good if the environmental factors arc properly 
adjusted. Fungi, however, would appear to be nmre tolerant of varia- 
tions in concentration of anmionium ion and other (‘omponenis of the 
nutrient solution. Mcireciver, certain gcuiera of fungi have becui found 
unable to utilize nitrate nitrogen (7, 0). Experimental emphasis in tlu^ 
data on nitrogen utilization here rejiorted has been filaeed on the maxi- 
mum, yield obtainable* at a tixed level of (HiT) mg of nitrogen pen* lit(*r. 
This is a minimum value and corresponds to tiuit- ('inployed in tin*- 
optimum solution (dibasic) containing 1.90 g of ammonium nit-raXe* 
(NlCNOs) per lit-er (/6*). This procedure is based on the assunqition 
that equal growth with two ditrereut forms of nitrogen under condit-ions 
e<jual or o])tumim in all other resiiecis implies that tlu^ rate* and extent 
of utilization of (*ach are identical and therefore that- no int-rinsi(‘. dif- 
ference in availability exists. 

METHODS 

The organism us(*d in these experiments was AnpenjiUtts nvjer 
(■^W” strain). It was grown at 35® C. in 50-cc portions of'a. b-pc'reent- 
sugax solution containing all necessary salts. Water redistilled in 

UiocciviHi for piihlicution July 2, 1937; issuod February 1938, 

Rcfmuuu'. is inndo by .nunihor (italic) to literature Cited, p, 90,1. 
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pyrex glassware, sucrose containing not more tlian 0.0025 percent of 
ash, and reagent chemicals were used throughout. The mycelial lelts 
were harvested, dried at 103°, and weighed as usual. Acidities were 
determined with a quinhydrone electrode. Earlier papers by the 
writer ( 14 , 15, 16) should be consulted for additional details. 

NUTRIENT VALUE OF VARIOUS FORMS OF NITROGEN 

The experimental data of tables 1 to 3, inclusive, forni a series de- 
signed to test four different nitrogen sources as regards their suitability 
for growth and their effect on the trace-element requirements oi Asper- 
gillus niger. The solution used in the experiments of table 1 is the 
dibasic optimum solution (16), except that sodium nitrate was tested 
also with a solution in which monopotassium phosphate was substi- 
tuted for the dipotassium phosphate of the optimum solution. Equiv- 
alent quantities of ammonium nitrate, ammonium chloride, sodium 
nitrate, and urea, at a nitrogen level of 665 mg per liter, were employed. 
The experiments of table 2 are a repetition of those of table 1, except 
that each trace element (iron, zinc, copper, manganese, and molyb- 
denum) has been increased wdrere necessary to the minimum concen- 
tration that is optimum for growth. These experiments are again 
duplicated in table 3, but this time each trace element is present in 
minimum optimum quantity and the potassium phosphate and mag- 
nesium sulphate have each been increased 40 percent. 


Table 1. — Effects of different nitrogen compounds (665 mg of N per liter) in an 
optimum solution ' (dibasic) on ihs_ growth of Aspergillus niger at S5° C. for 5 
days, when heavy-metal concentrations optimum for NIUNO} were employed 


Element 

omitted 

NH4NO3 

NH-iCl 

Urea 

Yield per 2.5 g 
sucrose 

Proportion of max- 
imum yield ob- 
tained 3 

Acidity at harvest 

.2 

1 

ft 

m 

Yield per 2.5 g 
sucrose 

Proportion of max- 
imum yield ob- 
tained 

Acidity at harvest 

Sponiiation 

Yield per 2.5 g 
sucrose 

Proportion of max- 
imum yield ob- 
tained 

Acidity at harvest 

Sporulation 


MillU ■' 

P«r- 




Per- 



■.M'l/ii- 

Par- 




grams 

cent 

pIJ 


grams 

cent 

pH 


grams 

cent 

pH 



236. 1 

21. 14 

1. 90 

5,bl 

502.6 

49. 90 

1.59 

3,j 

214. 8 

31. 62 

2. 47 

■ 4 ,j 


52.5 

4.68 

2. 60 

4.bl 

90.5 

9.39 

2.27 

4,j 

42. 6 

6. 27 

2.69 

2d 

Qvl-.-— 

991.7 

88. 48 

2. 81 

2,y 

918.3 

91. 16 

1.38 

l,w 

616.9 

90. 82 

2. 51 

■ 4,t. 

Mn-- 

766. 0 

68.38 

1. 67 

2,bl 

726.3 

72. 11 

1.37 

2,j 

737.8 

108.92 

2. 17 , 

4,bl 

Mo.. — 

800.4 

71.42 

1.73 

3,bl 

1,025.6 

101.82 

1.36 

2J 

724,0 

106.59 

2. 24 

8,tal 

'Hone 

1, 120. 8 

100, 00 

2. 64 

6,bl 

1,007,3 

100.00 

1.35 

2,j 

679.2 

100.00 

2.33 

10, bl 

Maximum.. 

1,131 . 5 




fl 1,070.0 




« 832. 4 




C. 


7 45.26 



1 42.80 




7 33.30 



pH......... 



s 7.14 




s 7.01 



8 6.98 : 















See footnotes sit end of table. 
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Table l.—EjD'eda of dijferenl nilrogen conipoiinds ((did niij of X per I Her) in an 
optmvwni solution ^ (dihasic) on the (jroidh of Af^perpilluH ‘nigvr at (\ for d 
daijr, trhen heAmy-metal (mumitraiionH optimum for irere employed - 

Continued 




NaNO;, 



NaNC;! 2 


Eloinciit omitted 

Yield i)(‘r 
2.5 g 
SlKTOSe 

Propor- 
tion of 
.max- 
imum 
yield 
obtained 

Aci<Hty 
at har- 
vest 

Sporu- 

lation 

Yield per 
2.5 g 
suta’ose 

Proi>or- 
tiorv of 
max- 
irnum 
yield 
obtained 

Acidity 
at liar- 
vest 

Siioru- 

latioii 

Fe ! 

Milii- 
grnms 
144. 3 

Percimt 

20.37 

pH 

3. 28 

4J 

Mil IP 
grams 
282.2 

Perermt 
29. 10 

pH 

3. 20 

8,1>! 

Zn 

31. B 

4.45 

3. 00 

2.1 

01.3 

0.32 

2. 99 

3,j 

(hi 

098.0 

98. 53 

2.75 

2.t 

i,oi:l8 

104. 53 

2. 90 

0,t 

Mil - - 

055. 0 

92. 54 

1.89 

2J 

937. 2 

90.(53 

2. 05 

L,I 

Mo ... - 

73.4 

10.35 

3.03 

aj 

83.0 

8.55 

2.09 

3.1 

None ■' 

70H.5 

100.00 

2.99 

8, hi 1 

909. 9 

lOO.(X) 

2. 97 

10,1)1 

Maximum _ . 

748. 5 




'M,035.4 




G. IL. 

^ ' '■ ‘itiui" 



7 41.42 



pH 

- 







■ 



J Water, 1.000 cc; sucrose, fiO }•'; NH^NOn, 1.90 g; K2HPO4, 0.35 g; and Ms^OidlhO, 0.25 g. 

2 Used 0.55 g of KlUPtUi instead 0/ 0.35 g of .KsHFOo 

3 Yield from complete inediuin, with none of tlie trace elements omitted, taken as 100 percent. 

^ Spore color is indicated by the initial letter or letters of the terms “Jet,” “hlack/^ “browh,” “tan,” 
“yellow',” or “white,” and extent of sporulation by the numerals 0 (no .spores) to 10 (entirely covered with 
spores). 

fi Trace-element concentrations (milligrams per liter) were as follow's: Fe, (),20; Zn, 0.18; Cii, 0.04; M n. 0.02; 
andMo.0.02. 

« Maximum individual yield. 

7 Coefficient of utilization, or yield per 100 g of sucrose. 

* Initial pH of nutiient solution. 


Table 2. — Effects of different nitrogen compounds {66S mg of N per liter) in an 
optimum solution ^ {dibasic) on the growth of Aspergillus niger at ('.for 4 daps, 
when optimum heavy-metal concentrations were employed 


Element 

omitted 

NHANOst 

NHiCl 


Urea 



bC 

oi , 

4 

tj 

pH 

fSi} 
a ® 

I'p., 

Ill 

|.§i' 

Pw 

4! 

a 

•IS' 

s. 

*<■ 

pit 

2. 00 
2.41 
' 2.38 
1..58 
1.05 

1. 90 

i 

1 

m 

3, W 

4, bl 

1, w 
bw 

2, bl 
8,bl 

bi} 

fcO 

w 

ii 

0 ^ 

I'P. 

pi 

1 

S 

'S 

< 

pH 

1. 07 

1.93 i 

1.44 

1.35 

L42 

1.40 

1 

4, M 
4,bi 

0 

l,bl ' 

3,bl 

0,bl 

m 

« 

ai 

!S 

ps 

Millh 
gra ms '' 
181,0 
100.2 
821.4 

784. 0 
908. 8 

901. 0 

1'^ 

0.1? 

£ 

y'er- 

vent , 
20. in 
11 . u 
91, to 
87. 03 
100. 80 
100. 00 

t 

> 

« 

i 

ptl 

2. 27 
2.71 

2. 08 
1,90 
2. 10 
1.99 

1 

1 

m 

2, id 
2, bl 
4. t 
4.11 
10,1)1 
U), b) 

Fe:.„. 

Zn,,.. 

Cu„..,, 

• Mm,,. 

'MO' ■ 

None i, 

Millh 
grams 
234.3 
IIK. 0 
905. 0 
742. (1 
090. 5 
1,043.8 

,/Yr- 
cent 
22. 45 
11.30 
92, 51 
71.09 
00. 10 
J{K). 0 

Millh 
grams 
400. 0 
43. 2 

915.3 

749.4 
974. B ' 

971.4 

Pet- 
:■ rrrtf 
48. 03 
4.45 
94. 22 
77. 14 
100. 30 
100. 00 

Maximum, , 

« 1,0.59,4 




« 975.8 




» 1 ,(X)2 3 " 




G.,U..„,„, 


74"2.’38' 




Tgo.bV 



7 40. 09 



pH 



‘‘7.29 




«7.13 



« 7.37 














m 


See footnotes at end of tahle. 
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Table 2. — Effeds of different nitrogen co?nponnds (665 nig of K jhj' liter) in an 
0 'ptimM 7 n solution ^ (diha sic) on the growth of Aspergillus niger at ffE ( for 4 days, 
‘when optinmni heavy-metal conceniTations were employed (.’'oniinuiMl 


Elemen t ornitl.ed 

NaNOa 

NaNOiii! 

Yield per 

sucrose 

Propor- 
tion of 
max- 
iinuin 
yield 
obtained 

Acidity 
at har- 
vest 

Sporu- 

lation 

Yield per 
2.5 g 
sucrose 

Froiior- 
tion of 
max- 
irnum 
yield 
ol)tained 

Acidity 
at har- 
vest 

Sporu- 

liition 

Fe ■ 

Zn 

Cu. 

Mn...„ . 

M'o 

None 'i.-.., 

M4i.\’imum 

C, U 

Milii- 

(jranis 

199.8 

20.3. 4 

861.4 

889.5 
104. 7 

996.5 

Percent 
20 . 67 
21. 05 
89.13 
92. 03 
10.84 
100. 00 

pll 
;i.25 
3. 16 
3 . 86 
2.11 
3.:40 
2.81 

8 , M 

5, bl 

6 , t 

6 , bl 
6 , bl 

10 , bl 

MillP 
qrarns 
240.3 
280. 6 
963. 2 
824. 6 
159. 8 
959. 5 

Percent 
25. 05 
29. 25 
100. 39 
85. 93 
16. 76 
100. 00 

pit 

3. 36 

2. 97 
4.17 

2. 05 

3. 27 

3. 19 

6 , bl 
6 , bl 
6 , t 
0 

8 , bl 
10 , bl 

ii 983. 6 

7 39. 44 



'■'965.6 

7~38.”6T 

*^'"4.85" 

----- 

pH 


’’7. 45 









J See footnote 1, table L 

2 See footnote 2, table 1. 

See footnote S, table 1. 

^ See footnote 4, table 1. 

3 Trace-elemon., coneenvra..ion,s (me: per liter) were as followsnWitli NH4N():j: B'e, 0.24; 55n, 0.2(i; Cn, 
0.04: Mn, 0.03, and Mo, 0.03. With NH 4 CI: Fe, 0.20; Zn, 0.20; Gu, 0.05; Mn, 0.02; and Mo, 0.02, With 
urea: Fe, 0.24; Zn, 0.26; Cu, 0.04; Mn, 0.03; and Mo, 0.04. With NaNOm Fe, 0.24; Zii, 0.30; Cu, 0.08; Mn, 
0.05: and Mo, 0.06. W'‘lth NaNOn (aeid): Fe, 0.20; Zn, 0.22; Cu, 0.04; Mn, 0.02; and Mo, 0.02. 

» See footnote 6, table I. 

7 See footnote 7, table 1. 
s See footnote 8, table 1. 


Table Z— Effects of different nitrogen compounds (665 mg of N per liter) ^ in an 
optimum solution ^ (dibasic) on the growth of Aspergillus niger at S5^ C. for 4 days, 
when optimum heavy-meial concentration and a 40-percent excess of potassium 
phosphate and magnesium sulphate were employed. 


Element 

omitted 

NH 4 NO 3 

NH 4 CI 

Ifrea 

Y^ield per 2.5 g 
sucrose 

Proportion of max- 
imum yield ob- 
tained 3 

Acidity at harvest 

Sporulation * 

YHeld per 2.5 g 
sucrose 

Proportion of max- 
imum yield ob- 
tained 

Acidity at harx-est 

q 

•S 

'S 

■3 

fe 

o< 

tfj 

Wl 

10 

2 ” 

3 

tH 

iZrs 

0’*S 

gk. 

"■P 

M W Cj 

as-s 

|j=. 

Acidity at harvest 

Sporulation 


Milti- 

Per- 



Milli- 

Per- 



Milli- 

Per- 




grams 

cent 

pH 


grams 

cent 

pH 


grams 

cent 

pH 


B'e ^ 

276. 9 

26.31 

1.93 

4, bl 

363. 7 

35. 36 

1. 79 

6, bl 

24 : 1 . 8 

26. 69 

2. 54 

2,bl 

Zn 

136. 0 

12.83 

2.38 

5, bl 

34. 8 

3. 39 

2. 63 

4, bl 

m. 5 

4. 00 

2,84. 

2, bl 

Cu 

886. 0 

84. 19 

2. 82 

2, w 

970. 7 

94. 38 

L42 

1, w 

909. 5 

98. 46 

2.48 

2, 'br'' 

Ain 

870. 0 

82. 66 

1.65 

2, bl 

795. 0 

77. 30 

1.41 

2, hi 

822, J , 

89. 98 

2. 27 

2,bl 

Mo, 

680. 6 

64, 67 

1.83 

2,bl 

1, 017. 6 

98.93 

L 42 

2, i)l 

1,008, 1 

110. :h 

2. 49 

8, bl 

None 

1, 052. 4 

100, 00 

2. 15 

8. bl 

1, 028. 5 

100, 00 

1,44 

4J 

913. 6 

100. 00 

2. 26 

8,bl 

'Maximum.. 

<■'1,070.1 




«1, 036.0 




'd, 142.7 



- 

C. U 


742 . 80 




741 . 44 




"7 4A 71 ' 



pH. ........ 



8 7, 36 




S7. 23 



^7.68 
















See footiiote.s at end of table. 
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Table 3. — Effects of different nitrogen compounds (fWd mg of iV jwr liter), in an 
optim.um. sohition^ (dibasic) on the growth of Aspergillus niger at \ for 4 d.aj/s, 
when optivruni heuvy-nieta.l concentration and a Jf^-'pcrcent eicess of poiassimn 
phosphate and magncsluin sulphate were C'm ploj/cdr~-VAmi\muu\ 


Element omitted 

NaNO:j 

NuNOY' 

Yield per 
2.5 g 
suerose 

Froix)!’- 
tion of 
niax- 
imum 
yield 
obtained 

Aoidity 
at. bar- 
vest 

Si)oi’u- 

latioii 

Yield i)er 
2.5 g 
.sucrose 

Fro]M)r- 
tion of 
max- 
imum 
.vield 
obtained 

.\eidity 
at liiir- 
ve.st, 

8r)or(i“ 

lation 

Fe - 

Zn 

Oil 

Mu-- 

m:o— - 

None L, 

IV'taximuiTL - 

Millh 
yrainfi 
250. .5 
00. 0 
825. 5 
993. tl 
81. 0 1 
1,018.3 

Percent 
24. BO 
ih 95 
83. 72 
1)7. ,58 
7. 9.5 
100. 00 

pn 

3. 27 

3. 08 

4. 12 

2. 27 

3. 05 
2. 94 

4,t 
4,bl 
2,t 
3, hi 
3, bl 
10, bl 

Milln 
grams 
2Bfi, 9 
119.7 
929. 0 
805. 1 
U8. 9 
994. 9 

Per cert 
20. 87 
12. 00 
93.54 j 
87.10 
11.97 
100. 00 

pH 

3. 32 

2. 98 

4. 00 
2.04 

3, OO 
3. 33 

4, bl 
2, bl 
3,t 
0 

4, 1)1 
10, bl 

J,(>35. 5 

7 41.42 1 



« 1, 005. 0 




C\ U - 

";*40."22’' 



pH 


"“’"TT.'ki"', 

i 


"1 


S' 4. 93 ^ 






I rtee foul note I, table 1. Bee rooinote 4, taV)lo 1. 7 See foot.iioU' 7, table 1. 

^ See footnote 2, table 1 . 7. footnote 5, table 2. « S(>o foot not(‘ s, table I. 

See footnote 3, table t. « See footnote fi, table 1. 


The data of table 1 may be siinimarizt^d by tlic^ statomemt^ tha,t 
compared to the yield obtained with the dibasic ojitinium (NJI.|N() 3 ) 
the inaxiiniim yields were low only with urea and sodium nitrate (])1[ 
7.45). Deficiency tests with the trace elements in these solutions 
yielded poorer results on the wliole than with ammonium nitratf^^ but 
only in the case of inolybdenimi deficiency in both the alkaline and 
acid sodium nitrate solutions did a significant diflVrence ap])ear. The 
elFects of molybdenum deficiency in the laf.ter vsolutions were a very 
marked diminution in yield and sporuiation. The cultures wort 
tyjiicul in appearance of tlioso suffering from a, nnu'ked nutrient 
d'ofi<dency of such elemen Is as iron, zinc, sulphur, nitrogen, magnesium, 
or ])li()S])lionis 

In table 2, with ojitimum concentrations of tra.(‘o eUmients, as well as 
ill table 3, where trace elements were in optimum concern tradion and 
potassium phosjdnitc and magnesium sul])hate wo.vo, in moderate 
excess, file maximum yields with all solutions sboweul good agreemenf-. 
The effec'ts of U'a.ce-el omen t deficiencies were ((uite similar to th()s<\ in 
tlu'. experiments of table Examination of these tables reveals 
that file molybdemum deficiency tests with urea, and ammonium 
salt gave the poorest results, those with ammonium and nitrate 
(NJl 4 N()a) gave results of intermediate value, and those with nitrate 
gave the most striking results. Neither moclerab^ imuTase in acidity 
and trace elements nor increased quantities of the other (essential 
elemeiitsinodiiiedJlu^se results appreciably. 

Though for reasons that will b^e stated later it seemed quite certain 
that the difrcrence in roBults with ammonium nitrogen, and nitrate 
nitrogen, were associated witlp a higher molybdenum requirement in 
nitrate solutions, these experiments were extended to include oilier 
salts containing ammonium or nitrate nitrogen. Tests were also 
made of the effects at a marked acidity, and of nitrog(ui sniqilied ns 
asparagine. 'These resul ts have been tabulated in tafih^s 4 and 5* 



896 


Journal oj Agrioullwal Research 


Vol. 55, no. 12 


Table 4.— Miscellaneous experiments on the effects oj different nitrogen compound-^ 
{665 mg of N per liter) in an optimum solution ^ (dihasic) on the growth of Aspers 
gillus niger at 35° C. for 4 days 


Element 

omitted 

NaNOa2 
(high acidity) 

Ca(N03)2. 41120 

i 

. KNO;, 

Yield per 2.5 g 
sucrose 

Proportion of max- 
imum yield ob- 
tained 3 

Acidity at harve-st 

1 

o 

ft 

CO 

Yield per 2.5 g 
sucrose 

Proportion of max- 
imum yield ob- 
tained 

Acidity at harvest 

Sporulation 

Yield per 2.5 g 
sucrose 

Proportion of max- 
imum yield ob- 
tained 

Acidity at harvest 

Sporulation 


MillP 

Per- 



Milli- 

Per- 



Milli- 

Per- 




grams 

cent 

pH 


grams 

cent 

pH 


grams 

cent 

pH 


Fe. 

319. 9 

34. 98 

3. 12 

6, bl 

139.6 

14.03 

3. 12 

4, bl 

285. 5 

22. 88 

3. 26 

6, bl 

Zn 

93. 1 

10. 18 

3.16 

6, bl 

121. 0 

12. 17 

2.99 

4, bl 

100.9 

9,80 

3, 04 

4, bl 

Ou - 

947. 1 

103. 56 

3.23 

4, t 

879.0 

88. 40 

3.28 

2, y 

1, 047. 7 

10,1.77 

3.87 

8, t 

Mn-.--., 

526. 7 

57. 59 

2.07 

0 

, 539. 2 

64. 22 

3.14 

0 

859,3 

85,48 

2.11 

0 

Mo 

! 245. 7 

26. 86 

' 3.02 

6, bl 

880. 9 

88. 59 

3,34 

8, br 

160. 6 

14.62 

3.05 

8, hr 

None s 

914. 5 

100. 00 

3.05 

9, bl 

994. 4 

100. 00 

3. 57 

10, br 

1, 029. 4 

100, 00 

3. 08 

10, br 

Maxi mum 

8 1,067.4 




8 1,021. 8 




« 1,009. 8 




C. U -- 

7 42.70 



740.87 



7~ 42.79 



pH 



8 2.48 




8 4.63 




8 4.93 















Element omitted 

(NH4)2S04 

0a(NO3)2.4H2<) 

Yield per 

2.6 g 
sucrose 

Propor- 
tion of 
max- 
imum 
yield 
obtained 

Acidity 
at har- 
vest 

Sporu- 

lation 

Yield per 
2,5 g 
sucrose 

Propor- 
tion of 
max- 
imum 
yield 
obtained 

Acidity 
at har- 
vest 

Sporu- 

lation 

Pe.., - 

Milli- 
grams 
254. 8 
71.9 

926.0 

629.0 
1,018.6 
1, 022. 7 

Percent 
24.92 
7.03 
90.65 
61.21 
99.61 
100. 00 

pH 

2. 12 
2.56 
1.64 

1. 54 
1.61 

1. 52 

4, bl 

4, bl 

0 

0 

1, bl 

2, bl 

Milli- 

grams 

66. 4 
99. 0 
914. 7 
797.5 
938. 0 
1, 006. 6 

Percent 

6. 69 
9. 82 
90.87 
79. 23 
93.19 
100. 00 

pH 
3.06 
2.98 
2. 36 
1.66 

2.72 

2.73 

2, bl 
2, bl 
6, t 

0 

8, bl 
8, bl 

Zn 

Cu 

Mm. 

Mo 

None ® 


Maximum. 

8 1,046.3 




8 1, 207. 8 





C, U ... 

7 41,85 



' 7 48.31 



pH..-,-..,,,-... 


8 6.08 












1 See footnote 1, table L 
» See footnote 2, table 1. 
3 See footnote 3, table 1, 


* See footnote 4, table 1. 
8 See footnote ,% table 1. 
® See footnote 6, table 1. 


■ See footnote 7, table L 
“ See footnote 8, tal,)io 1 . 
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Table 5.‘ — Additional miscellaneoiis experinienis on the effects of dijfercnt nitrogen 
compounds (66S mg of N per liter) in an optimum solutionA {dibasic) on' the 
growth of AspergiUiis niger at S5^ O. for 4 days 


Element, 
omit, ted 

NbUCH-NaCl (0.2 percent) 

Asparagine 


Yield per 2.5 g 
sucrose 

Proportion of max- 
imum yield ob- 
tained 2 

Acidity at harvest 

a 

0 

1 

Yield per 2.5 g 
sucrose 

Proportion of max- 
imum yield ob- 
tained 

A 

3 

PI 

.2 

p 

ft 

m 

Yield per 2.5 g 
sucrose 

Proportion of max- 
imum yield ob- 
tained 

Acidity at harvest 

§ 

1 

1 

m 


MiUc 

Per- 



Mini- 

Per- 



Milli- 

Per- 




grams 

cent 

pH 


grams 

cent 

pU 


grams 

cent 

pH 




3S6.0 

38. 73 

1. 73 

5, bl 

200. 2 

29. 97 

2.57 

10, bl 

170. 3 

22. 62 

3.33 

4, 1)1 

Zn 

34. 0 

3. 41 

2. 08 

4,bl 

151.0 

17. 47 

2.01 1 

10, bl 

96. 8 

12. 86 

3. 10 

4. bl 

Cu 

930.0 

93. 94 

L42 

2,w 

1,110.9 

127. 96 

2,62 ! 

4,t 

803. 0 

106. 73 

3.93 

2, w 

Mn. 

730. 8 

73. 34 

L 39 

1 2,bl 

1, 088. 3 

125. 35 

2.23 1 

4, 1)1 

784. 9 

104. 25 

2. 09 

0 

Mo 

979. 5 

98. 30 

1, 40 

3,bl 

940. 9 

108. 38 

2.40 

10, bl 

1 10. 8 

14.71 

3. 09 

6, bl 

None L, — ---- 

990. 5 

100. 00 

1. 40 

6,bl 

808. 2 

100. 00 

2. 18 

10, bl 

752, 9 

100. 00 

3, 0)2 

8, 1)1 

Muxiiiium.. 

i 1,051.5 




« 1,130.0 




« 997. 6 




C IT 


« 42.00 




“ 45.40 




'' 39.90 



pH - 



7 7.02 




7 6.56 1 





7 4.78 

— 



MgCNOtOa.OHaO 

N lUN Oil (r»ur died with GuCJOn) 

Element omitted 

■\' ield per 
2.5 g 
sucrose 

Propor- 
tion of 
nia.x- 
inium 
yield 
ol)tained 

Acidity 
at har- 
vest 

Si )or Il- 
lation 

Yield pi‘r 
2.5 g 
sucrosi'' 

Propor- 
tion of 
max- 
imum 
yiehl 
obtairu'd 

Acidity 
at liar- 

Vt'St 

Sponi" 

lation 

Fe - - * 

AiUU- 

grams 

276. 4 
167.2 

1,017.3 

1,046.7 

152.4 
943. 8 

Percent 
29. 18 
16. 66 
107. 78 
110. 90 
16. 16 
100.00 

pH 
3.02 
2.91 
2. 74 
2.08 
2.64 
2. 60 

6,bl 
6, bl 
e,t 1 
2, bl ! 
4,bl 
10, bl 1 

Milli- 
grams 
18.8 
12.5 
917M 
1,056.3 ! 
1,067.7 1 
1, IHl. 6 

'Percent 

1. 69 
1.06 
77.61 
89. 40 
90. 36 
loo. 00 

pH 
2.85 
2. 94 

2, 51 
1.67 
2.15 
2.49 

2,bl 
2,bl 
2, w 
2,bl 
S,bl 
10,1)1 

Zim* 

On 

Mu 

Mo 

None * — 

Maximum 

o. u 

s 1,051.9 




fii,'2i67r 




«42.08 



« 48. 63 



pH. 


7 4.61 



‘*’"V(V'94'' 



J 






1 H(‘(' footnote 1, 1 . ^ See footnote 5, table 1. •' footnote 7, tahU* 1. 

^ Ki'ci footnote 3, tahlei 1. * See footnote 6, table 1. footnote H, table ;l* 

kS<'ei footnote -1, table I. 


A study of all tlio tables reveals that, exce[)t iu (he <‘aso of (Utkdum, 
nitrate, the omission of niolybdenum resnlted in the |>:r(^atest loss in 
yi(‘ld and sporulation with nitrate nitrogen and the Jcuist loss vith 
'arnmonium nitrogen and organic nitrogen (urea, aB])aragine). Neither 
high, acidity nor the possible influence of the (‘ation introdu<‘ed with 
the nitrate nitrogen seems to have been a factor. The extent of 
growth with deficiency of the trace elements other than molybdenum 
varied to about the same degree as in previous experimonts, though 
it seemed on the whole to be somewhat larger than with ammonium 
nitrat(L Tliough the solution with magnesium nitrate gave results 
that were quite poor with iron, zinc, manganese, and co])peT deficien- 
cies, the results with, molybdenum dejfieiency were still excellent. 

(k)mparison of the deficiency yields with sodium nitrate at the three 
different levels of a,cidity brings additional conlirma.tion of ])reYious 
statements by the writer (jfj) that acidity decreases the optima or 
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increases the availability of the trace elements iron, zinc, copper, and 
manganese. Molybdeniim, it is now noted, beliayns similarly; 
it is also noted that the beneficial inauence of acidity is liuniiHl a,t the 
highest pH value in the case of manganese. Idic combined dolelmious 
effect of excess acidity and manganese defichmcy on yield ami sporular. 
tion becomes evident at even moderate acidities. 

DISCUSSION 

A comparison of the maximnm yields obtainable with aimnom 
nitrogen and nitrate nitrogen in these experiments would indicate full 
nutritive equivalence of these forms of nitrogen. Tlie xiiaxiniiim 
individual yield with animoniiim nitrogen was 1, 05 1.8 mg and with 
nitrate nitrogen 1,078.9 mg, the difference amounting to only 2.58 
percent of the smaller number. The data, moreover, afford an ex- 
planation of previous claims to the contrary, hlxpcrirncntal evidence 
appearing to support this latter view can be readily obtained if the 
precaution of adjusting each of the other comiioncnts for maxiinuin 
efficiency is overlooked. However, tables 1 to 3 pinsent umpiestion- 
able evidence that it is experimentally unsound to omit a clieclv on 
each of the other known components of a nutrient solution before 
ascribing observed effects wholly to variations in even the better 
known constituents. Many of the effects attributed in the literature 
to variation in composition or concentration of nutrient salts of nitro- 
gen, potassium, etc., are almost certainly due partly to (diance varia- 
tions in the essential trace elements which tlie salts contain as im- 
purities. 

No verification could be obtained of the claims for special effects of 
acidity, iron, copper, or manganese on the utilization of nitrates. 
Their* effects on this process are quite similar to those of other nu- 
trients. The action of increased acidity, as already ])ointed out, is 
to make more availal)le the trace elements present so tluit growth can 
proceed further. This decrease in the optimum (‘omamtration of the 
trace elements might readily be attributed to the dinv't aedion of 
increased acidity though primarily due to the ehmumts themselves. 
The sharply contrasting results with molybdenum in ammonium and 
nitrate solutions are imiqn© and not shared by the oilier heavy metals 
studied. 

The results with molybdenum might conceivably be due either to the 
relative freedom of nitrates from this element or* to a greatcM* refjuin'- 
ment in the presence of nitrates. Cbemical detormimition of the 
molybdenum content of the reagents would be the logical ami definite 
method of deciding this cpiestion, but lack of time and findlities ren- 
dered this procedure impracticable. Other evidence nevculhelcss 
aflhrds sufficient aid to enable one to make a decision . 

The assumption of a greater molybdenum content in the ammonium 
salts supplying nitrogen is not substantiated by the imj)unty content 
of the other trace elements in these salts, since wlien tliey were employed 
in deficiency tests the percentages of maximum yield were approxi- 
mately the same. Neither do the solutions employing nitrate nitrogen 
all require the addition of greater quantities of molybdenum to bring 
about maximum growth and sporulation. LasUy, s])octros(‘opic 
examination failed to reyeal th^ of molybderuim in the a,mmo- 

nium nitrate used, though a. trace was found in tlie sneunse (UJ). 
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Similar results, too, were obtamed with, a saairple of a.mmonium 
sulphate of spectroscopic purity. All the eviilenc(> a, variable support, s 
tiie assumption tliat nitrates act throug-li tlnur 'pres{Mi(‘,e and not, 
because of tl uar relative freedom from molybdmum impui'ity; that, 
is to say, tlu', maul of the fungus for inolybdenmu is greater wlnui 
nitrogen is su])plied as nitrate. Or, phrased diirerentiy, tlu'> traer^, of 
inolybdenimi iimivoidably present in the nutricmt solution sul!ic(‘s for 
a greater production of mass with ammonium nitrogen than with 
nitrate nitrogen. 

It should not be assumed, liow'ever, that it is solely under sucli condi- 
tions that molybdeimm is required. Tlie omission of molylidenum 
from the nutrient solution causes a slight but (hdinite diminution in 
yield with other sources of nitrogeii than nitralm With inqirovcrl 
purity of reagents a still greater diminution in yield will prot)a,bly lie 
obtained with ainmonium salts also when molyixhmiim is withlndd. 
Though these results lead naturally to the assumption that molyb- 
denum, functions in tlie reduction processes of the fungus wduu-ehy 
nitrate is reduced to ainmonia, molybdenum d()ul)tl('ss fundrons in 
other metabolic 'i)ro(‘esscs a,s well. If this vi(uvpoint b(‘, (‘orrect, the 
possibility furtlKn* suggests itself that the ma,cros(*()i)i(‘- appearatuu'. of 
the fiingus when molylxhauim is withheld may lx‘, diu^ primarily to 
nitrogen starvation even though nitrate is ])res(uit. Idle symiitoms 
of molybdenum dehcicuKy with nitrate nitrogen are (juite similar to 
tliose of nitrogen delicicMuy-, but this is true also of all the others 
except potassium, mangaiu^se, and perliaps copper. Tlie symptoms 
of inolybdeniim dohciency may be lound, therefore, to be somewliat 
different with anunoiuiim nitrogen. 

Interpolation here of some observations on. the response of th(‘, 
fungus to molyhdeiuinr deficien when nitrogen is supiiruxl as caxlcium 
nitrate will not be amiss in view of the very freciuent use of this salt 
in nutrient solutions for green plants. Both of tlu^ sanqiles of this 
salt tliat were tested would appear to be conta.mimited with molyb- 
denum to such an extent as to render them unfit for dolichuiey studies 
on this element. This coiulition is believed not to be accidental hut 
to 1)0 due to the eom])arative difliculty of obtaining this salt, in a sulli- 
clent degree of purity.** LitJmim, sodium, ])otassium, magnesium, 
aud even ammonium nitrate, of reagent gra,d(>, Hp])ea.r mudi more 
suitable for studies of inolybdemim deficiencies. This variatfion in 
percentage of inolybdemim impurity of ditferont samples of nitra,tes 
may be a, ])artial ex])lanati()n, moreover, of tlieir reported viuying elfec- 
tiveness in mitrient solution and as fertilizeri 

The importance of the impuritioB present, even in the purest naigcmts 
now^ commorcinHy available for use in studying the responses of ])lants 
to nutrient variations in culture, is greatly uncLcrestinuitcil by many in- 
vestigators. The many elements that may thus be acciclentally in- 
cluded are listed in tlio tabulation tliat follow*^s, ICven this taljulation 
is inadequate, however, since the spectroscope is misatisfaidory fo- 
identiticadion of some of the chemiem elements ad concentrations bior 
logically significant. Tentatively, it is estimated that if an clement is 
present in <iuantitics greater than 1 part x>es‘ billion one cannot be 

•* This oi)iru()n is fully suhstariUated by data obtainod shortly aftor this inauuscripi, was a(‘('(,-i)|.(‘d fur 
publication. Uxtrema <li(Tcr<‘-nc*as hetwtHai the inolybdexium content of reagent culcimn nitrn,te of dilTeront 
manufaeturtu’s is iiKlic.ated; suirie samples contain traces of molybdaniitn ample for the needs of tb<^ orgunlsiu, 
wheroas others do not. Data not yet published show that marked deerea.W‘,H In yi<9(i oeeurred in (certain 
instances with caiciiiui riitrat,o and also with strontium nitrate and with barium nitrate when molybdenum 
in tJie nutrient soluitfon was deficient in duantity. 
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reasonably certain tliat it is unessential. This {lejjrec^ of puj-ity is 
seldom attainable at present. The only safeg-iiards available are a 
thorough check of all components of the specific cuJtii re. solution used 
and their employment in the minimum quantities sufliciiig for maxi- 
mum growth under the conditions employed. Negli'ct of llu'sc pre- 
cautions is undoubtedly the cause of many of the I'onllicting lindirigs 
reported in the literature. 

Impurities identified spectroscopically as present in some of the reagents^ used m 
nutrient solutions for Aspergillus niger ^ 


Compound: 

NH4NO3 

K 2 HP 04 -.«-„--- 

MgS04.7H20-. - 

FeS04.7H20 

ZnS04.7H20 

G11SO4.5H2O 

MnS04.2H20 

Na2Mo04 

Dextrose ^ 

SrGl2.6H20 


Contaminants identified spedmcopically 

Na, Mg, Ca, K(?). 

Al*, Pb*, Na^, Ca^, Mg, Ag. 
Na, Cu. 


Fe, B(?), As, Mg*, Sn(?), Cu, Si, Na, Mm 
Fe, Mn, Si, Mg, Ca, Pb. 

Na, ,X^e, Cu, Al, V, Cr, Si*, Mg*, Ca*. 

Cm Mn, Fe, Al, Ni, Mg, Ca*,':K, Na, Mn, Si, Li, V(?). 
Li, Na, Sr, Ca, lib, K, Mn, Al, Fe, Rh, Ni, Ag, Cu, Mg, 
Sn, B, Si. 

Na, Mg, Ba. Ru, Ti(?), Pt, Ir, Ca*, Mn, Pd, Si, Tl(?). 


1 These data were obtained by B. C. Brunstetter. associate biochemist, Division of Fruit and Vegetable 
Crops and Diseases, Bureau of Plant Industry, with a Bausch & Lorab largo-size quarts spectrograph and 
carbon arc. No attempt was made to achieve prior chemical concentration or separation of the impurities, 
however. 

2 The following elements were found in the ash of Aspergillus niger felts grown in a dibasic optimum solu- 
tion with the above chemicals; K, Mg, Fe, Gu, Mn, Na, Ca, Sr, Ba, Al, rb, Ag. Ti(?), V(?). 

3 Strong traces are indicated by asterisks (*), doubtful by question marks. 

i This compound was not employed but is inserted for the purpose of giving an idea of tho probable im- 
purities in sucrose. The data are quoted from Lockwood (^). 


The relation ascertained to exist between nitrates and molybdenum 
in the metabolism of Aspergillus niger also possibly affords a definite 
chemical basis for explaining certain observations on gieen ])laTits. 
Dittrich (3) found that extracts of beet tissue gave a negative test 
for nitrate reductase when the plants were supplied with aimuunium 
nitrogen. This observation has been verified by Tiedjens and Blake 
(17) with extracts of apple tree roots. There would secun, tlHU'cfore, 
to be a definite correlation in plants between utilization of nitrate 
nitrogen, presency of reductase, and high molybdenum re(|uireinent 
as contrasted with utilization of ammonium nitrogen, ubscdH^e of 
reductase, and minimum need for molybdenum. It should be re- 
membered in this connection that enzymatic deficiency in (‘onsefiueiu^e 
of the absence of a suitable substrate has frequently been reported. 
The direct determination of the relationship between reductase and 
molybdenum would be of considerable interest. This element may of 
course function purely as an inorganic catalyst after the manner re- 
ported by Kharasch et ah (6) for the oxidation of tliioglycolic acid. 
On the other hand, molybdenum may serve to activate nitrate re- 
ductase, because it forms an integral part of the reductase molecule. 
The activation of urease by certain metal ions in the hydrolytic 
splitting off of ammonia from arginine is considered necessary for this 
reason by Kellerman and Perkins (5),^ In both tho investigations just 
cited the metallic ions are required in ti*aces of fractional parts per 
million only, and are therefore comparable as respects both type of 
reaction and concentration of metal ions to the requirements of phint 
metabolism. Moreover, eyeti; im vitro, specificity of effect was found 
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to exist in these reactions. That specificity was not found more com- 
plete ill vitro is probably due to the limitation of a single reaction, 
whereas the organism may, and probably does, employ each, essential 
element in several or more reactions sirniiltsiniv Nor, on the 

other hand, is specificity absolute in the organism, as the plvenoinenon 
of nutrient substitution demonstrates. 

CONCLUSIONS 

Deficiency tests with Aspergilhis niger in culture solutions indicate 
tha,t ainmonium nitrogen, nitrate nitrogen, and organic nitrogen 
(urea, asparagine) are equivalent in value for the nutrition of tliis 
fungus. It is necessary, however, to adjust correctly the concentra- 
tion of the other essential components of the nutrient solution, par- 
ticularly that of iron, zinc, copper, manganese, and molybdenum. 
Acidity is of minor importance and is effective cluefly through its 
action in aiding to minimize deficiencies of these trace elements. 
The response of the organism to molybdenum is unique in that it is 
definitely associated with, the type of nitrogen nutrition. Molyb- 
denum is required to a, greater degree by ttie orgariism wlien nitra.te 
is the source of nitrogen than wlien ammoninm or organic nitrogen 
is the source. Thougli marked variations in iiuilybclenuin content 
of dif}‘erent lots were found to exist, striking (h'.ficiency results wei‘e 
obtained with many of the alkali and allvaline eat'tb nitrates. It is 
considered, therefore, on the basis of these and of other facts reported 
in the literature, that molybdenum is essential for activation of iiitrate 
reductase in the reduction processes whereby nitrates are reduced to 
ammonium for synthesis of amino acid and protein by the plant. It 
is suggested also that biological specificity is a result of cliemioal 
specincity of an element and presumably becomes more complete 
with increase in the number of reactions in which it sirnultaneously 
participates in the metabolism of thebrganisrn. 
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THE TRANSLOCATION OP DERRIS CONSTITUENTS IN 

BEAN PLANTS' 


By Robert A. JAii/roN, entoniologist^ s\.x\({ Horatio C. Mason, c,s\s/,s‘/f///V. 

entomologist, Division of Triick Crop mid Garden Insect f nvestigations, Bureau 

of B/ntomology and Plant (fua-ranUne, U nited Btai.es Depart mrnl of Agriculture - 

INTRODUCTION 

In certain field tests with insecticides for tlie control of the Mexican 
bean beetle (Bjpikichna varimstis Mills.) the gro's\’'th of tlie bea,n plants 
that formed after the application of a suspension of derris or culie in 
water appeared to receive some protection from infestation. It was 
suspected that this protection was due to the adsorption-absorption 
and translocation of the derris or cube constitnents. With this in 
mind tests were undertaken to determine whether this plienornenon 
could be explained. 

GENERAL METHODS OF PLANT TREATMENT 

All tlie bean plants were grown under greenhouse conditions Vt 
the beginning of all tests the pots were waslied witli wuter to [ueiiuit 
contamination.; and in the last series fresh soil and new ])ois and 
stakes were used. 

As soon as the first true leaves li ad formed and the buds of the first 
trifoliate leax'es were forming, the plants were treated witlr the d(3i*ris 
suspension, som(‘ by spraying with a compressed-air hand sprayer, 
some by painting the first true leaves with a caineFs-hair brush, an(l 
some by painting only the stems. After the treatment the plants were 
staked and intermingled among untreated plants, with sufficient space 
between pots to prevent contamination. All moisture for plant 
growth was supplied by adding wuxter to the pot saucer or at the base 
of the plant. 

Pinto beans were used in certain larval feiMling firsts (A and B, 
table 1), and extracts from the same variety worn uschI in tests witli 
goldhsh (A and B, table 2). Burpee Stringless (Ireen-Pod beans were 
used in all the remaining tests. 

FEEDING TESTS WITH MEXICAN BEAN BEETLE LARVAE- . 

In ah larval feeding tests but one the leaves were removed from (in' 
bean ])lants, and the feeding was conducted in a. c(>nstant-tem[)eratur(' 
cabinet opeixited a,t 2f>,7^ G. and 60-percent ndative humidity, by a, 
technique (kweloped for toxicological studies of th(‘. Mc'xican bean 
beetle larvae.*^ The leaves were hud flat on a glass platen appi'oximatrdy 
10 by 10 inches, with the lower surfaces upward and witli tlie stcuns 
inserted in individiial water reservoirs. An open glass feeding (‘-ell, 

1 Receivea for publuiAticm Alls- 1937; Issued February 1038. 

2 The authors wish to acknovvlodge many helpful suggestions from N. F. Howard and W. U. Whiteduring 
the course of this investigation. 

3 Fmh'ON, R. A. A TECHNIQUE FOR THE TOXICOLOGICAL STUDIES OP MEXICAN BEAN B EETLE LARVAE. (Ill 

■■p-reparation.) •- ■ 
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approximately 1% indies in diameter by Iji to 114 inches high, was 
placed on each leaflet. One secondflnstar Mexican bean beetle 
larva, reared under laboratory conditions, was placed in each ceil, 
except in the second test (B, table !) when two larvae were used. 
They were confined by means of a screen-wire top. The plate was 
then placed in the constant-temperature cabinet. 

In one test (A, table 1) the feeding was done on the plant under 
greenhouse conditions. The cells were placed on the leaves with the 
under surfaces upward, each leaflet resting on a small wooden block 
supported by a wire stirrup. One larva was placed in each cell and 
confined as described above. Third- and fourth-instar larvae col- 
lected from the field w^ere used, but the larvae were in only fair con- 
dition, as it was late in the fall when the test was conducted. 

In all tests the larvae were allowed to feed for a definite time, at 
the end of which examinations were made and mortality and area of 
leaf surface consumed were recorded. The leaf surface rtunoved by 
each larva was determined by placing a ^^flexible glass’^ guide marked 
in 2-mm squares directly over the leaf. The larvae were transferred 
to new leaves when necessary, and to prevent contamination during 
the transfer, hands were washed with soap and water and clean 
camePs-hair brushes were used for each type of treatment. 

The results of these tests are summarized in table 1 . 


Table 1. — Feeding of Mexican bean beetle larvae on new growth of bean plants 
previously treated with a suspension of derris in water ^ 


Test 

Type of treatment 

Trifoliate 
leaves used 

Time 

after 

treat- 

ment 

when 

feeding 

tests 

were 

begun 

Larvae 

Used 

Dura- 
tion of 
feeding 
tests 

Average 
total 
leaf area 
con- 
sumed 
per 
larva 

Reduc- 
tion of 
feeding 
area com- 
pared 
with that 
of un- 
treated 
r)lants 

Mor- 

tality 


f Plants sprayed 

First.-,--- 

Davit 

12 

Number 

16 

Iloum 

74 

mUli’ 

meters 

421 

PerceMt 

51 

Percent 

0 



\Untreated plants 

[Plants sprayed 

do— 

do 

12 

M 

30 

74: 

72 

866 

143 

24" 

0 

6.6 


jLeaves painted-. . 

do—... 

12 

24 

72 

115 

39 

8 . 3 



1 Stems painted , .. 

._.,.do 

12 

24 

72 

125 

34 

4 ] 2 


1 Untreated plants.. 

ILeaves painted 

do.,,... 
do 


24 

15 

72 

,144 

1 H 8 

687 

”37 

4 ’. 2 
0 

1 Stems painted--— 

.,,,..do.— 

11 

15 

144 

761 

30 

6.6 


[Untreated plants----.. 
ILeaves painted., 

-.--do..,,, 

Second, 


15 

15 

144 

96 

1,092 

194 

42 

0 

0 


^ Stems painted 

-.-do.--. 

18 

IS 

96 

220 

34 

0 


[Untreated plants,., , - . 

do. 


15 

96 

335 


0 


(Leaves painted— 

Third- — 

27 

16 

96 

267 

32 

6.6 


Is terns painted , 

——do 

27 

15 

96 

278 

29 

0 


[Untreated plants 

-do.— 


16 

96 

398 


0 


I In test A the rotenone content of the derris suspension was 0.025 percent; in all other tests the rotenone 
content of the suspension was 0.05 percent. 

2 1 larva escaped during the first 24 hours. 


The data show that the average leaf area removed per larva on new 
growth of treated plants is definitely reduced, as compared with the 
feeding area removed from untreated plants. Reductions in feeding 
area, 51 and 24 percent, respectively, occurred when first trifoliate 
leaves from sprayed plants were used (tests A and B). There were 
reductions of 39 and 37 percent, respectively, in the feeding on first 
trifoliate leaves from leaf-painted plants (tests B and C). When new 
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growth from stem-painted plants w^as used, the average rediietioiis 
m leaf area consumed were 34 and 30 percent, respectively (tests B 
and C). When second trifoliate leaves from the same plants used in 
the preceding tests were fed (test D), reductions o( 42 percent on 
leaf-painted and 34 percent on stem-painted plants ()(‘ciirre<l. Third 
trifoliate leaves from the same group of plants uscmI m tlie two pre- 
ceding tests were fed (test E), and even though tiie original treated 
area was much less in proportion to the total area of new growth after 
treatment, reductions of 32 and 29 percent occurred on leaf-painted 
and stem-painted plants, respectively. 

When the daily totals w^ere compared, it was noted that the area 
consumed per larva from leaf-painted plants was consistently higher 
during the first 24 hours. In the case of the stem-painted plants the 
area consumed on the first day was smaller than on the days of 
subsequent observations (after 2 to 4 days). At the close of tlie 
tests the total area consumed was greater on stem-painted plants 
than on leaf-painted plants. 

TOXICITY TESTS WITH GOLDFISH 

For the biological tests with goldfish (Carassius auratus) extracts 
were prepared from leaves of the same plants that were used in the 
feeding tests. This was done by extracting the leaf iiiaterial witli 
chloroform to eliminate excessive chlorophyll in the final preparelion. 
The chloroform extract was evaporated to dryness on a steam batli 
and tlie residue steeped with an excess of acetone. The acetone 
solution was then evaporated and a known quantity of acetone 
added to this residue. 

The tests witli goldfisli were made in a manner similar to that 
described by Gersdorff.'^ Aliquots of the acetone solution were 
added to known quantities of water at the rate of 1 cc per liter. In 
the first test recorded. (A, table 2) 1,300 cc of water was used, and tlic 
solution was divided between two jars, 650 cc in each,. Throe fislies 
were placed in each jar. In the remaining tests 1,200 cc of water 
was used, divided between two jars, 600 cc in each, and two fishes 
were placed, in each jar. The jars were then placed in a constant- 
temperature cabinet ofierating at 26.7*^ C. Observations W(vro ituide 
at 30-miniite intervals and the time of death was recorded. 'Fhe 
results are shown in tal)lo 2. 

In tlie first test (A) leaves were removed from the new growth of 
plants previously painted with a suspension of derris iii wafer. 
The leaves were dried and an extract was prepared from 350 g of tho 
material. This extract killed all the fishes in an average time of 
220 minutes. The fishes in the solution prepared from dried leaves 
of the new growth of untreated plants were all alive and appeared 
normal at the end of 1,320 minutes. 

Extracts prepared from first trifoliate leaves of leaf-painted and 
stem-painted plants (test B) Idlled all the fishes used in average times 
of 135 and 165 minutes, respectively. All the fishes were alive after 
1,620 minutes in the solution prepared from untreated plants. 

A third test (C) was performed to determine whether toxic material 
could be detected in the first trifoliate leaves by crushing the leaves 
and macerating tliem with water. The water extract was drained, 

^ Okrsdorb'f, W^ A. A METHOD FOR THR OTUDY OF tOXjfCTxy OQi.nFrHrr. Jour. Ainor. Uhem. Hoc. 

52: 3440-3445. illus. J930. 
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filtered tlxroiigli cotton, and then made^ up to the same voliiiiie a,s 
used in other tests. All Mies were dead in the water extract of leaves 
from leaf-painted plants in an average time of 445 minutes and in the 
water extract of stem-painted plants in 482 ininuti^s. Al! lishns in 
the water extract from leaves of untreated plants ajipennal nornud at 
the end of 1,340 minutes. 


Table 2. — Toxicity to goldfish of extracts of new grmvth of heari plants previously 
treated with a suspension of derris in water ’ 


Test 

Type of treatment 

Trifoliate 
leaves used 
for extracts 

. 

Weight 

of 

leaves 

Time 

after 

treat- 

ment 

when 

toxicity 

tests 

were 

begun 

Gold- 

fish 

used 

Aver- 

age 

weight 

of 

gold- 

fish 

Aver- 

age 

time 

before 

death 

Mor- 

tality 








At hi- 





(harm 

Days 

Number 

(hn rns 

ater 

Percent 


/Leaves painted — 

First 

350 

20 

0 

3.7 

220 

100 

A 

\ Untreated plants. 

do 

257 

... 

0 

\ 2.3 


0 


Leaves painted 

....do...,.-.. 

87. 5 

u 

4 

1.91 

135 ' 

100 

B 

’{sterns painted 

.. .do ..... 

97. () 

li 

4 

1 2. 77 

105 

100 


I Untreated plants.. — 

do 

93. 5 


4, 

2. 12 


0 


(Leaves painted. . 

do 

94 

j 1 

4 

2. 40 

445* 

100 


*1 Stems painted. 

do..--_. 

89 

u 

4 

2. 18 

482 

:i0(.) 


[Untreated plants.... 

„._do 

05 


4 

2. 50 


0 


[Leaves painted.... — . 

Second-... 

114 

18 

4 

1. 78 

" 165 ” 

,100 

D 

< Stems painted 

....do. 

110 

18 

4 1 

1.04 

202 

100 


[Untreated plants 

do 

123 


4 

1 . 18 


0 


(Leaves painted 

Third 

87 


4 1 

1, 41 

112 " 

100 

E... 

■{Stems painted 

do 

92 

27 

4 

LSO 

402 

100 


[Untreated plants 

....do 

85 


4 i 

1.45 ! 


0 


> Derris suspension of 0,05 percent rotenone content was u.secl in ail tests except A, where a suspension of 
0.25 percent rotenone was used. 

3 Leaves were weighed dry; in all other te.sts they were weighed green. In this test all the treated leaves 
had dropped from the plants when untreated leaves were picked, 

3 Solutions i>repared by crushing the leaves in distilled water. 


Extracts prepared from second trifoliate leaves (test D) of the 
same plants used in the two preceding tests killed all the fishes in 
the leaf-painted and stem-painted solutions in 105 and 202 minutes, 
respectively. At the end of 420 minutes all lishes in ilu^. untr’eadecl 
plant extract appeared normal. 

In the final test with goldfish (E) third trifoliate Icuivcs w(U'e romovual 
from the same plants that were used in the thr(‘e j)re(‘e(ling ti^sts. 
All the fishes were dead in an average time of J 12 mimitt^.s in tiu^ 
extract from leaf-painted plants, whereas in the extraxd* from stiun- 
painted plants all were not dead until after an average of 402 minutes. 
All fishes in the untreated plant extract appeared normal at th(i (uid 
of 1,130 minutes. 

The results recorded above show that toxic ingrcvlicnts are present 
in the new growth of plants previously treated with. sus])(msions of 
derris in water. 

ISOLATION AND IDENTIFICATION OF KOTENONE 

In one case rotenone was actually isolated from the plant material. 
Eight hundred grains of dry leaves* from the new^ growth that formed 
after the application of a suspension of derris in water (0,025 percent of 
rotenone) w^as extracted with chloroform. The dried leaf material 
was covered with chloroform and allowed to stand at room temperature 
in subdued light for 3 days. At the end of that time the chloroform 
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solution wa,s removed and tlie leaf material wa,s again covered with 
chlorofomi» By using a known weight of leaf inaterialj it had previ- 
ously been determined tliat the cold method of extraction reduced tlie 
chlorophyll content of the^ extract. _ Tlie chloroform extracts were 
evaporated to dryness and the residue was removed with carbon 
tetrachloride. Tlie carbon tetrachloride ^ solution was allowed to 
stand for several days in an ice box maintained at , approximately 
4° C. At the end of tliat time small needlelike crystals appeared in 
the solution. Tliese crystals were washed with, a sma.ll quantity of 
cold carbon teti*achloride, recrystallized from acetone to convert any 
solvate present to rotenone, and tlie melting point was then deter- 
mined. Only 8 mg of this material was recovered from 800 g of dried 
new-growth leaves. The crystals gave the characteristic test with the 
Gross-Smith colorimetric method, and had a melting point of 163.5° 
C., or approximately the melting point of rotenone (163° C.). The 
crystals were also tested by the use of the blue color test of Durham 
and they gave a color similar to that produced by broiiiothyxnol blue 
indicator at pH 7.2. ^ ^ 

One milligram of this material was added to 650 cc of water contain- 
ing 0.6 cc of acetone as a dispersing agent and tested with three goldfisii 
at 26.7° C. All the fishes were killed in an average time of 77 minutes. 

SUMMARY AND CONCLUSION 

A definite retarding in the feeding of Mexican bean beetle larvae lias 
been observed on the new growth of lieari plants tluit have been 
treated with denis [lowder. First, second, and tliird trifoliate leaves, 
formed after tlie first pair of true leaves had been treated, were found 
to be less palatable to bean beetle larvae than similar leaves from 
untreated plants. 

Extracts prepared from first, second, and third trifoliate leaves 
formed after the application of derris powder to tlie first pair of true 
leaves caused 100-percent mortality to goldfisii. Extracts prepared 
from first, second, and third trifoliate leaves from untreated plants 
were not toxic. 

A water (extract pri'iiared by macerating ricw^ growth of bean plants 
that had been tieated with derris was fo-tal to goldfish. 

In one cas(‘, where a large ((uantity of new-growth nuiterial was 
a,vaila,ble, a crystalline Bubstance nwmiiUng rotenone was isolaf-ed. 
Tlie material wdien jiurified had a melting point of 163.5° (A, gave the, 
(dumicteristic color with the Gross-Sraith method, and the blue color 
test of T)\irltam. One milligram of this substance in 650 ac of water 
at 26.7° (A killed tliree goldfish in an average of 77 niiiiutes. 

These experiments demonstrate that derris constituents are trans- 
located from, the outer surfaces of leaves to first, second, and third 
trifoliate leaves foianed after the application of derris powder in watcu- 
suspension to the first true leaves and stems of bean plants. 


' ® OEosa, 0. R., and SMmr, 0. M. cowmtM.E'rmc mktkob foe niK r)ETERMrNATioK of rotenone. 
Jour, Xssoc.na.Agr.Ohemvl?: 386-839. 193i , 




QUANTITATIVE INJECTION AND EFFECTS OF NICOTINE 

IN INSECTS' 

By N. E. McIndoo 

Senior entornologist, I>wmon of Control Investigations, Bureau of Bhiiomology and 
Plant Quarantine, United States Department of 

INTRODUCTION 

Nicotine is used as an insecticide chiefly for the control of small/ 
soft-bodied, sucking insects. As ordinarily applied in sprays or 
dusts, it is ineffective against many species of caterpillars, beetles, 
flies, etc., either because it does not reach, the vital parts of these 
insects or because it is not sufficiently toxic to them. It is therefore 
of interest to know whether certain species that are considered re- 
sistant to nicotine are actually susceptible when this material is intro- 
duced by injection into the body cavity. This study dealt witli the 
improvement of apparatus for the quantitative injection of solutions 
into insects, tlie comparative susceptibility of various s[)(K*jes to 
nicotine, the effect of age of insects on susceptibility, tlu^. (hlference 
between the toxicity of nicotine and that of ni(‘otine vsulpluit^e, and 
other toxicological problems. 

INJECTION APPARATUS, MATERIAL, AND METHODS 

An attempt was made to use apparatus more acKuirate and mo:re 
easily handled than any yet designed to feed or to inject quantitative 
doses into insects. A micrometer syringe (fig. 1, rl), described by 
Trevan (7) ^ was used apparently for the first time to inject measured 
volumes of an insecticide into insects, although Storey (6) had pre- 
viously used it to inject plant viruses into leafho])])ers. This ap- 
paratus consists simply of an ordinary liypodennic syringe (s), tlie 
plunger of which is actuated by the head (A) of tlie iiuci’oineter (m), 
which is fastened to the syringe by a clanq) (c)- It was calibra-ted 
with distilled water in the Volumetric Socdion of the Bureau of 
Standards. A movenumt of the xnicronieter luaul through tive 
divisions <lelivej*cd 0.001 24 cc (1.24 mnd) with an error of less than 
4 percent. A 27-gagc steel hypodermic needle (-n) 20 mm long was 
used on the syringe. 

Various means of mounting and manipulating the syringe were', 
tried. Tlie arrangempit illustrated in figure 2, A, was adopted, the 
syringe (ts) being rigidly clamped in a horizontal position on the 
pillar (mj)) of a dissecting microscope. The syringe was moved up or 
down by rack and pinion and in a horizontal plane by ])usliing the 
microscope base (m6) with both hands. Under the micrometer 
head (/i) a wooden, support (ws) was moimted to steady the hand 
while .turning the micrometer screw. • . " ■ /V, , 

' 1 .Heceived for pwblieatioitAuOTt 4, 1037; isstied rebruarv 1988. 

3 Referonce is made by number (Itallo) to Litemture Oitea, p, 021. 
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Figure 1.— Micrometer syringe and other devices used to inject iii.sects: A, Mieroinelei .s,vrmge showing 
hypodermic needle (ri)» syringe (s), clamp {c), micrometer (7n), and micrometer hen<l (/t), shell vial 
closed with a hollow cork stopper (6) whose outer end is covered with cheesecloth (cii)* ^ \ di'vi(*<‘ 1 o remove 
flies from vials, consisting of small glass tube (t), larger glass tube (/<), and rubber tube (r), I), steel rod to 
transfer flies; JS, device to hold fly (/) during injection, consisting of wooden suppoit (le.v), its sliank (sk), 
glass holder (h), and gummed cloth (<i) to constrict opening in holder; wire to lemovc fly from glass 
holder; device to hold larva C/) during injection, showing flue wire grids (w) and rubber bund (b) to 
hold the frames together. 



Figure 2.— Apparatus used to inject flies and containers for them: A, Micrometer syringe mounted on 
pillar (mp) of dissecting microscope, showing base (mb) of microscope, wooden support i'ws), needle (n), 
syringe («), wooden clamp (c) to hold syringe, micrometer (m). and micrometer head (/i); /l, ring stand 
(rs) and clamp (c) to hold wooden support and fly (/); C\ binocular mieroscoi)e; J), rack mid shell 
vials in which the treated flies w^ere kept. 
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Adults luid larvae of tlie green-bottle blowfly (LiiviUd serlcafa 
Meig.), tlic black blowfly (PAormfa regina Meig.), aiul tbe bliie-bottlc 
blowfly (CaMphora edyilwocephala M’eig.) were used in most of tlie 
experiments. 'They were reai-ed in the manner already described l:)y 
the writer (4). Mixture or nearly mature larvae of the following 
lepidopterous ' species were used in other tests: EavStern tent cater- 
pillar ' {Malacosoma americanth (1^0);. codling moth (Garpoeapsa 
ponionella L.), silkworm (Bornbyx pnori L.), and southern arniyworni 
{Prodenia eridania (Cram.)). Nearly 4,000 insects were injected, 
and when large numbers of a species were used for a single solution 
the figures were treated statistically. 

Solutions of pure nicotine and of nicotine sulphate in distilled water 
were prepared for the writer in the Division of Insecticide Investiga- 
tions. These solutions were diluted with distilled water by the 
writer to make the following percentage concentrations of nicotine: 
4.0, 3.0, 2.0, 1.5, 1.0, 0.8, 0.5, 0.25, 0.125, 0.0G2, and 0.031. A solu- 
tion of each concentration was stored in a small bottle wrapped with 
black paper. Distilled water was used for check injections. 

Shortly before a series of injections a sufficient number of ventilated, 
stoppered vials (fig, 1, B), 18 by 75 mm, w^ere w^eiglied collectively. 
The flies wei‘e then cauglit, one fly of known sex to a vial, by phicing 
an unstoppered vial over the desired fly in tlie rearing cage. Tlie 
stoppei*ed vials were weiglied again, and tlie average wxiight of a fly 
was calculated. A set of flies consisted of 20 individuals, usually 10 
males and 10 females. The vials holding them were placed on a 
riiek, shown in figure 2, I), 

To inject a fly it was necessary to hold it inechaivically under a 
binocular microscope (fig. 2, (7). This was done as follows: The fly 
was removed from its vial by means of a glass tube (fig. 1, G). The 
larger tube (It) was inserted into the vial, and the fly was made to 
pass through it into a smaller tube (0, from which it was forced by 
a steel rod (D) into a glass holder (Zt", h). The sluuik (Ej sk) of a 
wooden liolder (ws) was finally thrust full length into the liolder, thus 
forcing the abdonien of tlie fly (/) throngli the ccnistricted end to the 
exterior. Two si7.es of holders were used, according to the size of tlie 
fly injected. Similar holders for qiieon hoc's have lieen (h^scribed by 
Nolan (5, p, 21). 

The flies were usually injected on tlie loft side lietwoeii the second 
and third abdominal segments halfway lietween ventral and 
dorsal midlines. The needle was inserted tlie width of the seexmd 
segment, allowed to remain for 15 seconds, and then pulled out slowly. 
The fly was immediately removed from the holder by a wire with a, 
booked end (fig. 1, F) and placed in its vial. About an hour was 
required to inject 20 flies. Each vial, containing an injected fly and 
sugar solution on cotton, was replaced on the rack for obscmition. 
During the period, of injection the temperature of the vials was held 
at about 29"^ C., but thereafter it was uncontrolled and flucdiiuited with 
room temperature. Hockenyos and Lilly (1) determined that tem- 
perature was not an important factor when they injected ni(‘()tiue 
into caterpillars. 

During injection the huger larvae were held between two woodcni 
frames with wire grids (fig. 1, 6^ w). The lower frame was exbnuhul 
beyond the grid to provide a means for clamping it to the ring sta-nd. 
A larva was placed on the grid of the lower frame, and the grid of the 
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Upper frame was placed over it. ■ The two frames we.re held together 
with a rubber band {G\ h) so placed that the larvfi was not injured by 
compression but was prevented from squirming loose. ^ Smaller 
larvae were held between the gi*id of the upper frame and the ex ten- 
sion of the lower frame. The needle of the syringe was inserted in the 
side of the larva between, the fourth and fifth abdominal segments, 
counting from the posterior end. To prevent bleeding, the needle 
was left in the insect for 1 minute and then gently removed. The 
injected larvae were given food and confined for observation in small 
wire-screen c ages . 

Several kinds of records were taken. Longevity records, or counts 
of the number of dead insects, were made at 4 p. m., and three times 
daily thereafter, at 9 a. m., 12 m., and 4 p. rn,, until all the insects 
were dead. In some cases, for the sake of greater accuracy, counts 
were made hourly. The average length of life of^ the insects in the 
set was then calculated. At the same time activity records were 
taken on the following basis: No movement was represented by 0, 
very slight movement by 1, slight movement 2, considerable move- 
ment (able to stand on feet) 3, fair activity 5, nearly normal activity 
7, and normal activity 10. These figures were then averaged on a 
percentage basis. Insects that were apparently lifeless were warmed 
under an electric lamp to bring out any latent activity. Finally, a 
paralysis record was kept to measure the duration of paralyzation ; it 
included the first-reaction time, or the period after injection before 
the insect showed the first signs of life, and the revival time, or the 
period after injection before the fly was able to get upon its feet. 

COMPARATIVE SUSCEPTIBILITY OF VARIOUS SPECIES OF INSECTS 

A long series of tests was conducted to determine the comparative 
susceptibility, on the basis of body weight, of various species and the 
sexes to nicotine. Both nicotine and nicotine sulphate were injected, 
but the quantities are expressed as pure nicotine. An effort was 
made to keep the activity between 5 and 6 percent and the longevity, 
based on 100-percent mortality, at about 24 hours, The suscepti- 
bility was expressed as the body weight of the insect that was killed 
by 1 mg of pure nicotine. 

The data for these tests are given in table 1. Since 2,727 mg of 
Lucilia males and 302 mg of Phorrnia larvae were killed by 1 mg of 
nicotine, the flies were about nine times as susceptible as the larvae. 
Lucilia males were considerably more susceptible than LuciUa 
females; Calliphora males and females were practically the same, but 
much less susceptible than Lucilia; codling moth laiwae were about 
equal in susceptibility to Lucilia females; and the other larvae were 
much less susceptible than any of these insects. It is difficult, and 
sometimes impossible, to kill the southern army worm by applying 
nicotine compounds to foliage, and the figure given in the table bears 
this out. The susceptiblity of the larval forms, except that of the 
codling moth, was about half that of the imaginal forms. 

Although 120 tent caterpillars were also used in these tests, the 
figures are not included in table 1. If the dosage given to them had 
been doubled, their susceptibility would probably have been similar 
to that of the silkworm* 
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Table 1. —Comparative susceptibility of various species of insects and their sexes to 
nicotine, based on lOO-- percent mortality 


Species aiid sex 

Insects 

Average 

weight 

of 

insects 

Nicotine 

injeeted 

per 

insect 

'.Average 

longevity 

Average 

activity 

Body 

■ wanght 
of insecl.s 

■ killed by 

.1 mg^ of 
nicotine 

Lucilia, males.---, - - 

Number 

100 

Mg 

27 

38 

42 

60 

Mg 

0. 0090 

Hours 
23.7 
26.4 
24. 5 
21. 6 
26. 1 

Percent 

5.4 

Mg 

2,727 

1,532 

Lucilia, females. 

I 00 

1 00 

100 

.0248 

6. 1 

CdlliphoTu, males. — - — - - 

. 0372 
.0744 

5. 2 
6. 0 

1,129 

927 

Calliphota, females 

100 

77 

.0843 

5. 3 

913 

Codling moth larvae- 

60 

44 

. 0372 

20. 3 

6.1 
6. 1 

1,182 

695 

Silkworms (fourth-instar) — 

60 

617 

,7440 

27. 6 
40.3 

Southern army worms— 

20 

625 

1, 2400 

6.7 

504 

302 

JPliOTTnid larvae (full-grown) 

40 

75 

.2480 

21. 3 

5. 7 





Numerous control tests, in which distilled water was used, were 
likewise conducted. Doses of it equal to those of the insecticides 
had little or no effect on the insects. The longevity was practically 
tlie same as tliat of untreated insects and the activity was 100 percent 
or nearly so. 

EFFECT OF AGE ON SUSCEPTIBILITY OF FLIES 

Earlier tests indicated that the age of tlie injected flies affected 
their susceptibility to nicotine, and that if more consistent results 
were to be obtained greater attention would have to be given to the 
age of the insects treated. A series of tests was therefore conducted 
with 20 Phormia flies, 10 males and 10 females, of various ages. A 
dose of 1.24 nim^ of 3-percent nicotine solution was first tried to see 
if curves could be drawn representing the^ daily toxicity, based on 
longevity and activity records, during the lifetime (24 days or more) 
of the flies. This concentration was too High, however, for the curves 
(fig. 3, a and h) quickly ascended from the first to the fourth day 
and then quickly descended to the sixth day. A dose of 1.24 mm'-* 
of a 2-percent solution was next tried. This concentration ])ro(lu(‘ed 
curves (c and d) which, rose quickly to the fiftli (lay, but descended 
less ra.i,)idly to the twudfth day, and thereafter it was too higli, for 
the activity had readied 3.3 percent and the longevity laid rc'sached 
17 hours, both, of wliich figures w^ere the hwest that could be reiairded 
on the scale used. After the twelfth day 0.5- and 0.25-percent solu- 
tions were used, and the average longevity was 17 hours on the 
fourteenth and , eighteenth days,' respectively, ■ EliteB 14 days old 
were therefore killed with 0.0031 mg of nicotine (0.25-percent solu- 
tion) in 17 hours, while flies 5 days old were killed wifJi 0.0248 mg 
(2-perc6nt solution) in 22.2 hours. The old flies wuu-e more than 
eiglxt times as susceptible as the yoimg ones. The control insecds, 
Injected,: with distilled water, were,' affected little mr not 'at, a,ll, even 
after th e twelfth day, while those injeeted with nicotine were (luiddy 
paralyze.d and., so'on' died;' 

^ 'The flies were most resistant on -the fourth and: fifth days, but 
thereafter their susceptibility increased with ago. Upon emerghig 
as adults the flies ware weak, but they gradually galnext strength and 



914 


Journal of Agricultural Kemarch 


Vol. 55, no. 12 


on the fourth day began to lay eggs. This_ information may explain 
why the curves ascend from the first to the fifth day, but the increasing 
age of the flies certainly explains why tlie crirves descend Oi('reafter. 

The comparative susceptibility p£ Fhorima, flies (d' did’i'i'ent ages 
to various concentrations of nicotine w-as alsc) studied from hourly 
longevity records. In this case the susceptibility ratio was obtained 
by dividing the body weight of tlie insects by the weiglit of nicotine 



AGE (days) 

Figitre 3.— Eft'c'ct of age of fJios (Fhonnia) on toxicity of nicotine: a, Activity, and 5, lougt'viliy, with 3~per- 
ccnt solution; c, activity, and fh longevity, W’ith 2"ix‘rcenL soliiiuni. 

injected and then dividing this quotient by the longevity. The 
resiilts are sliown in table 2. Flies 5 days old iirii shown to be inoi'c 
resistant than flies 3 days old. Flies 5 days old showed no difl’erence 
in toxic effects when injected with the salne (luantity of lui'otinc in 
1- and 3-percent solutions. Both the longevity figures aud the sus- 
ceptibihty ratios show that the males were more suseejitible tluin the 
females. On the basis of milligrams of nicotine injected, the 10-day- 
old flies were six times as susceptible as the. 3- and 5-day-old flies, 
whereas on the basis of the susceptibility ratios they werij neii,rly 
seven times as susceptible. 
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Table 2.-- of Phormia flies of (Uffere'ul ages to various 

conce^iirations of rdcoHne^ based on hourly longevihj records 



Wtaglit of flies 

1 

Nk?oliri(^ solution in- 
jected 

liongevlty of flies 

Ratiio of aus- 
ceptibilil.y 

Ai';e of flies ((lays) 

' :i'e- 
mal(‘S 

MuUiS 

i 

Con- 

ecnitni- 

tion, 

Bose 

Con- 
tent, of 
rure 
nicotine 

Fe-. 

miiiles 

Males 

Aver- 

aife 

luales 

Alllies 

a 

A/f/ 

42 

A/V 

Percent 

3 

1.24 

Mg 

0. 0372 

Hours 

9.3 

Hours 

0.5 

Hoars 

7.9 

121 

157 

5 

45 

40 

3 

' ■ 1. 24 

. 0372 

1 <>. 0 

8.3 

S, 9 

125 

130 



45 

40 

1 

3. 72 

. 0372 

9. .5 

8.0 

8.8 

127 , 

134 

"1 f\ 

50 


. 5 

1. 24 

. 0002 

! 9.5 



1 819, 

1 '1 












COMPARISON OF TOXICITIES OF NICOTINE AND OF NICOTINE 

SULPHATE 

Early tests with 2- and 3-percent solutions ind.ico,ted that nicotine 
was more toxic to Lwilia than nicotine sulphate. On the basis of 
100-percent mortality the activity records sliowed the frcii nicotiiu^. to 
be 14 percent more toxic than the nicotine salt, wh(>rea.s the long’('vity 
records showed it to be only 8 percent inore toxii*. On the ba,sis of 
50-percent mortality tlie nicotine solution was 8.4 ])(U*(‘cnt more to.xic, 
according to the longevity records. From later activity recorils bused 
on lOO-percent morta-lity it was determined statistically tliat tlie 
nicotine solutions were not more toxic to female LmUia tlian the 
nicotine sulphate solutions, TIio metliods used allowed too many 
large deviations, and later it was ascertained tliat tlie nicotine solutions 
were tlie more toxic. In all instances the solutions of nicotine and 
nicotine sulphate were prepared on the basis of equal nicaitine content. 

In the hope of getting more accurate results, the toxicities of nicotine 
and nicotine sulphate were compared by tlie pa,ra.lysis niethod. A 
dose of 1.24 mnr^ of 0.25-percent solution was injecdAnl into each ily 
of five sets of Phormia females and two sets of Phormia males. For 
the males the average first-reaction time for nicotine wa,s 17.9 minuti^s 
and for nicaitinc sulphate 15,8 minutes; the averages r(vvival time for 
nicotine was 44.9 minutes and for nicotine sulphate', 42.9 minutes. 
These figures show nicotine to be the more toxic. 

The data for the fcunales are given in table 3. According to tlu'- 
first-reaction time nicotine is 22.2 percent more toxi(‘ tiian ,ni(a)tine 
sulpliatc, but according to the revival time it is 29.5 pm-cent more 
toxic. These figures may be considered relialile, hecaaise, according 
to the statistical test, the probability of su(‘h di^^eren(^os o(‘, earring 
by chance is only 1 in 100. 

The pH values of the sohitions of nicotine and nicotine sulpliatc 
differed. Hockenyos and lilly (f) determined that the effect of 
varying the acidity was very slight. In control tests the writer mod 
potassium hydroxide and hydrochloric acid in distilled water and 
concluded that hydrogen-ion concentration alone had little eirect, 
Levy^s saline solution was slightly better than distilled water for 
control tests, but insecticides are never dissolved in it. Otlier tests 
in which large volumes of distilled water were inje(‘,ted into flies showed 
that the insects occasionally tolerated a dose e(iual to one-fourth 
the body weight. 
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Tablb S.---Difer€7ice between toxicitdes of nicotine and of nicotine sulphate to 
Rhormia females as deUrmm^^ 


Groiii) no. 

First-reaction time 

Revival time 

Nicotine 

NjcoUno 

sulpliate. 

‘Nieatin(‘, 

.sulphato 


Minutes 

K1.4 

.14.6 

16.1 

18. 4 1 

14.4 

Minutes 
11.0 
1 : 1. 1 
1 : 1.2 
11 . a 

ia.7 

AfiniiUH 
47. a 
44. 9 
25.9 

aa.4 

32. 1 

A/'/Ha/e.s 

33. 2 
32.7 
25. 0 
3(1. 4 
31, 9 




f) 

Moan ’ - - — 

15.5 

12.0 

38. 7 

30. 7 

niffererce - - - - 

— 

_ 

2.8 ± 1.24 
.{)1 
50 

13 

S.l d:: 2.59 
>. 01 
46 

Probability . . ^ - 


Total samples. number. . 

46 


1 Mean of total niirober of samples in the fi ve groups. 


COMPARISON OF TOXICITIES OF NICOTINE IN DISTILLED WATER 
AND OF NICOTINE SULPHATE IN POTASSIUM HYDROXIDE 
SOLUTION 

To free the nicotine in the 0.25-percent nicotine sulphate sohition, 
a 0.1-percent sohition of potassium hydroxide was used instead of 
distilled water to reduce the 20-percent solution of nicotine sulphate to 
this dilution. In controls a 0.1-percent solution of potassium hydrox- 
ide produced no signs of paralysis. In comparative tests five sets of 
Phormia males and females were injected with this sohition and with 
a 0.25-percent solution of nicotine in distilled water. The results are 
given in table 4. The differences between the average results ob- 
tained were slight and not significant. The freed nicotine in the 
nicotine sulphate solution was, therefore, equally as toxic as the other 
free-nicotine solution. 


Tablk 4. — Difference between toxicities to Phormia males and females of nic(dine in 
distilled water and of nicotine sulphate in potassium hydroxide soluhdm as deter- 
mined fro'tn paralysis records 


Group no. 

First-reaction timo 

Kcvivul time 

Niootine j 

N icotlno 
gnlphati) 

Nicotine 

1 Nicotlm^ 

, sulpiiatc 

1 . ..... . 

Minutes 

13.2 ’ 
9.4 

15.3 

18. 3 
14. 2 

Minutes 

14.6 

11.8 

13,4 

19.8 1 

14. 9 

Minutes 
40. 4 
39. 0 
43.4 
. . 48.2 
37.8 

■ Aftnuiea 

1 38. 4 

39. 7 

41.7 

i 37.6 

40.1 


. 

a.............................. ■ ... ■ 

... ■... .. . 

5... .... . ■ 

..." 

13,1 

14. 9 

40. 8 

39. 5 

Difference.- 


00 


1.3=t2.96 
>.60 
■ 42 

Probability 



Total samples ...number 

m 

42 


1 Mean of total number of samples iu the five groups. 


A STUDY OF SYNERGISM 

Levine and Richardson (^) made a study of synergism by injecting 
into cockroaches nicotine solutions made up in 0.1-molar solutions of 
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chlorides and. bicarbonates of pota,ssiimi and sodmiii and in distilled 
water (the control). Three of these salts increased the toxicity of 
nicotine, but potassium chloride was the best for this purpose. Tlie 
writer compared the toxicity of nicotine solutions in distilled water 
and in 0.1-molar potassium chloride. 

Three sets of OaUiphora females, 13, 14, and 15 days old, were 
injectecl with 0.25-percent solutions, tlie dose being- 2.48 mmV or 
0.0062 mg of pure nicotine* The solutions were prepared by diluting 
one portion of tlie 20-percent nicotine solution with distilled water and 
another portion with 0.1-molar potassium, chloride. The potassium 
chloride solution, used alone as a control, caused no sign of paralysis. 
As judged by the revival time, which is more reliable than the first- 
reaction time, the nicotine diluted with the potassium chloride solution 
was 10.4 percent more toxic than that diluted with distilled water, but 
when the figures, including^ many large deviations, were treated 
statistically there was no significant^ difference (table 5). ^ If 100 
flies, instead of 30, had. been injected with eacli solution, the difFereiice 
between the means might have been significant. 


Ta.blb 5. — Differe/me betweim toxicdties to CoUiphora jiies of nicotine dissolved in 
distilled water and of nicotine ddssolved in 0.1 --molar potassium chloride solution 


Qroui) no. 

First-reaction t;ime 

Revival time 

Nieotine in 

water 

Nicotinic in 
potassium 
chloride 
solution 

NicoUne in 
distilled 
water 

Nicotine in 
potassimn 
cl'ilorido 
solution 

L 

Minutes 

I. L3 
10.6 

II. 2 

Minutes 

10. 3 
12.0 
9.5 I 

Minutes 

37. 1 
39. 3 

39. 1 

Minutes 

43. 3 
4:0. 8. 

43. 4 

2 

3 i 

Mean ^ 

11.0 

10. e 

39. 6 

42. 5 

1> i fferonco., „ 


0.4=fcl. 12 
.60 
30 


4. 0rb6. 74 
. 40 
■28 

Probab.ili,ty ... „ 



l\)tal aamplos. . . number. . 

30 

28 


1 Mean of total iiuiuIxt of samples in tho 3 groups. 


A STUDY OF MOTOR PARALYSIS 

To ascertain more accurately the effects of nicotine on flies, tho 
paralysis method was further used in a study of motor paralysis. In 
the first seiies of tests the reactions of Phormia flies 2 to 6 days old 
were compared with those of Phormia flies 23 to 30 days old. The 
first-reaction time and the revival time of the young flies did not 
differ greatly among themselves, but they did differ widely from those 
of the old flies. AU the injected flies were totally paralyzed, but the 
period of paralyzation depended on the percentage of nicotine used 
and the age of the flies. The old flies were thp more easily paralyzed 
and the paralysis lasted longer. 

Tests were also made with six sets of Phormia flies ranging in age 
from 9 to 16 days. Flies of the age indicated were injected with 
doses of 1.24 mm^ of nicotine solution of the following concentrations: 
0.031 (9 days), 0.062 (10 days), 0.125 (11 days), 0.25 (12 days), 0.5 
(15 days), and 1 percent (16 days). The weights of pure nicotine 
in those doses wore 0.0004, 0.0008, 0.0016, 0,0031, 0.0062, and 0.0124 
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mg. Tke curves for firet-reactioa time {a) and revival time (6) in 
figure 4 start near 0 minutes when the smallest dose was used, and 
gradually ascend as practically straight lines. The curve for the 
first-reaction time is continued the f ull distance, but tliat for the revival 
time runs only one-fourth of tho_ distance, beauise most of the flies 
failed to revive when they were given closes of 0.0062 and 0.0124 mg. 
Increased age caused these lines to ascend slightly, but increased dose 
caused most of the rise, as shown in previous tests. 



Figure 4.~-Eflect of increasing doses of nicotino on fir.st-reaction time and revival time: o, First-reaction 
time, and 6, revival time, of Fhormia; c, flrst-reaction time, and d, revival time, of Calliphora 

Three sets of Ckilliphora, 7, 8, and .10 days old, were injected, respec- 
tively, with 2.48 inrtf of 0.125-, 0.25-, and 0.5-perce,nt nicotine solu- 
tions. Since this dose of the 0.125-percent solution paralyzed only 
half the females, a 3.72-mm^ dose was then used. Tlie weights of 
pure nicotine in this dose were 0.0046, 0.0062, and 0.0124 mg. Again 
the curves (fig. 4, c and d) gradually ascend as practically straight 
lines; and since the three sets of flies were of nearly the 'same age, 
increasing age had practically no influence on these curves. Table 6 
shows that the males w’'ere always more susceptible to nicotine tlian 
the females. The susceptibility ratio in this ca.se was obtained by 
dividing the weight of the flies by the weight of nicotine injected, 
multiplying this quotient by revival time, and dividing this iwodiKT 
by 1,000. 


Tabi.e 6. — of Callrphora flum to nicotine an i^/iooni by a efinh/ of motor 

paralyns 


Nicotine 

injected 

(mg) 

' Sex, of flics 

Weight of 
. flics 



First-n'.iic- 
tioo time 

lU'vivnl 

tiino; 

Fatio of 
sn.sccspti- 
bility 



Mg 

Minutes 

Minutes 





60 

1. 4' 

10.4 

136 

0.004(5 

1 Males 

SO 

, n, 2 

55, 7 

m 


1 Averago:._„„.„._,._.,.^„. 


6. 3 

.83 0 



IfFomalos _ 

60 1 

9.6 

47.0 

• ' 455 

.0062 : 

‘jMalcs ■ 

"50 1 

10 9 

64.8 

5,22 




10.2 ! 

65. 9 




67'^ 

13.6 

■ 67. 7 

312, 

.0124 


60 

24, 1 

100.0 

, ''484 




,'18.9 

78.8 
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SYMPTOMS OF NICOTINE POISONING 

In 1916 the writer (^) gnxe the first detailed (lescri})ti()n of nicotine 
poisonini^- in insects (liees). The )nibrina.ti()n giYcn Inire siipplcniients 
that des(‘ rip lion. 

When ili(^s {Jlwrmia) were totally paa*iiiy:X(Hl, tlie fo 
toms wove oliserved; Abont a. second after the injeetioip wliik^ a fly 
was still i,n tlie gla,ss liolder, the abdomen, legs, and, wii:)gs ceased 
moving vigorously, but quivered. The legs w^ere usually fohied 
together md the wings were bent toward tlie body. When a fly wa.s 
quickly trimsferred to its vial, it often buzzed around on its back 
and kicked its legs, but tlie vigorous movements soon ceased, and then 
tlie wings were ustndly drawn to the body and the legs were folded 
together. The proboscis was always extended foi* a, sliort time, then 
usually retra.cted, hut it was common for a fly to die with its jirolioscis 
extended. A droplet of liquid often appeared on the proboscis and 
at the anus. 

The following records |)ortain to injected larva-c' of vjvrious species: 
About 5 seconds after the tent (‘aterxiillars Inul beam injected, con- 
vulsions occurred near tluv wounds and histcal lialf a. minute. Later 
tlie hirvae were conqiletely paralyzed. IVlum distilled wuitei* was 
used as a control, tlicre wxire no convulsions a,nd no signs of paralysis. 
Many of the injected silkworms spewed at the mouth and voided 
feces and liquid at tlie anus. Only slight mo\'emcnts wcu’c^ sc'cm in the 
injected segments, but the integiirnent often turned browmish or even 
darker. Movements of the*, same kind were also seen in tlie injected 
segments of soiitliern armyworms. Codling moth larvae did not 
exiiibit convulsions but only wriggled feebly. Fhorma hrvm showed 
only weak muscular movements near the needle, which was inserted 
at some distance from the visible heart. Tlie nicotine did not seem 
to affect the heartbeat. 

EFFECT OF. POINT OF INJECTION ON TOXICITY 

Ifockenyos and Lilly (/) found that the toxicity of nicoiiuc increased 
as the point of injection approached the head, where the largest ganglia, 
o(‘.(Mir. To ascertain whethcu* the same is true in regard to tlie abdomi- 
na.l ganglia, tlina^, groups of 10 Phormia females, Ifl days old, wen*, 
injected betweam the second and third abdominal segnienls with 0.25- 
perciuit nicotine solution, the dose being 1.24 murk Fli(‘s of the (irst, 
group were irij(a‘ted on the ventral mialine, those of the siaaunl on 
the dorsal midline, and those of the third, as usual, on the left side 
midway b(d<w(‘en these two lines. In the first group the maalle went 
into or near the abdominal ganglion, in the second groiq) it went 
into or near the heart, but in tlie third groiqi it did not directly injure 
either of these vitaJ organs. These tests were reqieated with 60 
Phorrnia nudes 9 days ohl. From the data in table 7 it is clear that 
the nearer the needle approached the ventral ganglion the morc^ 
effective was the nicotme. 

The foregoing tests were repeated by injecting iO Phorrala females 
ill the mesotliorax on the ventral midline. The roa,ction times were 
slightly less tba.n those given in table 7 for females injected in the 



920 


Journal oj Affricultural Research 


Vol. IK). 1,2 


abdomen on the ventral midline. Distilled water, used as a control, 
caused no signs of paralysis. 

Other flies, which had been injected on the left side the previous 
day, were injected a second time in the wounds, which were well 
healed. This time the reaction times were slightly increased. 

Table 7. — Effect nf point of injection on toxicily of nicotine to Phoriuia flies, as 
determined by the paralysis method 


Point of injection 

First-reaction time 

Revival tanu} 

Females 

Males 

Average 

Females 

Males 

Average 

Dorsal inidline 

Minutes 

20.0 

23.5 

31.0 

Minutes 

14.7 

24.7 
32. 6 

Minutes 
17.3 
24. 1 
31.8 

Minutes 

64.8 

87.7 

1H.2 

Minutes 

40. 8 

70. 8 
118.7 

Minutes 

52.8 

79.2 

116.4 

.Left side„_ - 

Ventral inidline 



SUMMARY 

To inject minimum c(uantitative doses of nicotine into insects, a 
micrometer syringe and other devices to accompany it were used for 
the first time for administering insecticides. This apparatus was 
extremely accurate. With a minimum dose of 1.24 mm'* the error 
never exceeded 4 percent and was usually less. 

The comparative susceptibility to nicotine of various species and 
the sexes has been found to be of the following descending order: 
Lucilia male, Lucilia female, codling moth larva, Calliphora male and 
female, silkworm, armyworm, and Phormia larva. The Lucilia 
male flies were nine times as susceptible as the Phormia larvae. In 
general, the susceptibility of the larval forms was about half that of 
the imaginal forms. 

The age of the injected flies greatly affected their susceptibility to 
nicotine. From the flbst to the fourth or fifth day susceptibility 
rapidly decreased; thereafter it less rapidly increased. Flies 14 days 
old were eight times as susceptible as flies 5 days old. The Phormia 
male flies were always more susceptible than the Phormia females of 
the same age. 

It was shown statistically that solutions of free nicotiiu' were from 
22 to 26 percent more toxic than solutions of nicotine sulphate con- 
taining the same percentage of nicotine. However, when the nicotine 
in the nicotine sulphate solution was freed by the use of potassium 
hydroxide, its toxicity was equa.1 to that of the other free nicotine. 

In a study of motor paralysis old Phormia flies were more easily 
ppalyzed thaii young flies and the paralysis lasted longer. For flics 
differing little in age the reaction times to increasing doses of nicotine 
can be represented by ascending straight lines. M.&ha of Calliphora 
were more susceptible than females. 

The first symptom of nicotine poisoning was stimulation, and tliis 
was followed, by depression. 

The^^^^^t as the point of injection approached the 

ventral ganglion. 
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RESISTANCE OF SHEEP OF DIFFERENT BREEDS TO 
INFESTATION BY OSTERTAGTA CIRCUMCINCTA^ 

By M. A. Stewart, af^stManl entoniologul, R. Mi leer, rmodate anvnal htis-' 

'bandnian, Riid J. R. DoiTaEAB, research assistant in eMomology, California 
AgruniUural Experiment 

INTRODUCTION 

On A'iigiist 29, 1935, 29 lambs, re|:)i'eseiiti'ng 5 breeds and 1 j^ronp of 
cross-breds, were separated from tlie general flock of shei'.p on the 
imiversity farm tit Davis, Calif,, and used in an attempt to determine 
wdietlier or not breed resisttmce to Ostertagia eimimieincta (Stad.) 
existed in the breeds at hand. Tlie breeds and birth dates of these 
animals are given in table 1 . 


Table 1. Breeds, hr and nunihers, and birth datc,s of lanihs used to deternmie breed 

?‘esistance to Ostertagia circiimcincta 


Broad 


Hambonillet. 


Hampshire., 


Shropshircs 


Brand 

No. 

1 >atc of birth 

Breed 

Brand 

No. 

Dale of birth 

1 

Doc. 

1, 1934 



I 20 

Jan. 31,1936 

5 

Dec. 

10, 1934 



m 

Feb. 16,1936 

3 

2 

Doc. 

Dec. 

22, 1934 
24, 1934 

SouthdowiL 


17 

18 

Mar. 7,1936 
Mar. 12,1936 

4 

l)ec. 

28. 1934 



21 

Mar. 16,1936 

26 

Jan. 

R, 1936 



8 

Feb, 7, 1935 

22 

Feb. 

21, 1936 



9 

Fel), 22, 1936 

2 /> 

M ar. 

6. 1936 

9. 1936 

liorn ncy - .. 


6 

Feb. 24, 1935 
Mar. 2,1935 

24 

Mar. 



10 

23 

M ar. 

19, 1936 



7 

M ar, 16. 1935 

12 

Dec. 

30,1934 

Cross-bred 

27 

Mar. 19. 1935 

16 

Feb. 

13, 1936 

Shropshire-Merino 

28 

Mar. 20, 1935 

11 

Mar. 

1, 1936 

Rorn ney-S hropshi re 

29 

Mar. 16, 1935 

13 

Mar. 

2, 1935 




16 

Mar. 

16, 1936 




14 

Mar. 

17, 1936 





U]) to the beginning of the experiment these Iambs were raised in 
the mtinner customary at the imiversity farm. At the age of 2 weeks 
all were docked and the males were casti-a,t.ed. They were then 
pastured on native gi‘ass until about May 1, 1935, at which time they 
were turne<l into a field of Ladino clover. Tliis field was divided 
into two ])a,stures and wais irrigated every 10 or 12 days. During 
iiriga/tion the sheep were moved from one pa, store to the other. 
Throughout the (mtii'e period the animals were brouglit to the barn 
every moiTiing and fed hay and grain. They did not thrive well, 
however, a,nd there was considerable scouring, w^hich, was first noticed 
about June 1 . 

All the la, mbs w-^ere weaned by June 15 and they were continuod. on 
Ladino clover witli a grain ration once a day. On July 5 a diagnosis 
of coccidiosis wnis made in several lambs and the entire flock was 
treated daily for 5 days with bismuth and' tannic/ acid in mineral oil 

^ Received for publical.ion May 24, 1937; issued February, 1938. 

2 The authors desire to express their deet? appreciation to Dr. Paul W. Gregory for advice and assistance 
in connection with the statistical analyses, to Dr. E. B, Roessler for ehecking the r.uatheniatical procedure, 
and to Dr. George I r. Hart for criticisms and suggestions. 
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and.fed exclusively upon dry hay. Some improveinent was noted, 
but on. July 18 a sick lamb was aiitopsied and. a considerable infesta- 
tion of Osteriagia circmncincta was discove.red. The entire flock was 
treated on July 22, and' again on August 5, with 2 ounces of a l-percent 
solution of copper siilpliate. The animals were fed diay and some 
grain and allowed to graze to a limited extenh on Ladino clover from 
July 22 to August 29, when the experimental work began, and tliey 
manifested a gradually improved condition. 

On August 29 all of the selected lambs with tlie exception of the 
Hampshires, were returned to Ladino clover pastures and kept there 
exclusively throughout the experiment. The^ Hampshire lambs were 
placed on this pasture September 6. Irrigation every 10 or 12 days 
was discontinued during the winter season when the pastures remained 
naturally moist. By September 20 the lambs appeared to be more 
thrifty and in better condition than for several months. 

METHOD OF PROCEDURE 

A fecal sample was obtained from each animal, and each lamb was 
weighed regularly every 2 weeks. 

Fecal samples were collected by manual manipulation and the hands 
were thoroughly washed after each sampling to prevent contamination 
of succeeding samples. Each sample was wrapped in a piece of 
glazed onionskin paper bearing a number corresponding to the eartag. 
The samples were then taken to the laboratory and egg counts were 
made within 24 hours after the samples were collected. 

The technique employed in examining the feces for eggs was a 
slight modification of CaldwelPs method and was as follows: 

(1) 1 g of feces was weighed out and placed in the bottom of a 30-ml shell vial 
calibrated at 10 ml. 

(2) 2 ml of 30-percent antiformin was added to the feces in the shell vial and 
mixed thoroughly by means of a clean glass rod. The glavss rod was left in the vial 
and the sample was allowed to stand at room temperature for at least 1 hour. 

(3) Sugar solution with a specific gravity of 1.23 was added to the 10-ml mark 
on the vial. 

(4) The glass rod was removed after stirring and the specimen was * ‘bubbled^* 
by means of blowing through a pipette placed against the bottom of the vial, 

(5) 0.1 ml of the prepared specimen was taken from the vial witli a pipette and 
spread on a slide so as to form a thin rectangular him, 

(6) The eggs were counted with the aid of a mechanical stage iind(».r Uie 32-mm 
objective of the microscope. The number of eggs found in (ia(‘h smear was muh 
tiplied by 100 to express the number of eggs per gram of fectis. 

This slight modification of CaldwelPs method was made to enable 

the Writers to deal with smaller quantities of fecal material Two 
slides of each specimen, were prepared and counted for ova and the 
results were averaged to reduce error. The physical consistency of 
each specimen at the time of weighing in the laboratory was taken into 
consideration. A relationship of 1:2:4 is considered to exist between 
the formed, mushy (unformed), and diarrheic feces. 

EXPERIMENTAL DATA 

Figure 1 shows the average infestation, based upon the number of 
eggs per gram of feces, of each of the six groups of lambs and the aver- 
age for the composite band from September 6, 1935, to September 4, 
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1936. Since the entire baiui was kept under identical (conditions and 
handled in exactly the ^ same way throughout the investigation, the 
egg count may be considered as a measure of resistance or suscepti- 
bility, and it is cornnionly accepted as such regardless of the true nature 
of the resistance. Assuming, then, that the egg count indicates the 
degree of infestation in each group, figure 1 shows an ascending order 
of susceptibility as follows: "Romney, cross-breds, Southdown, Ram- 
bouillet, Shropshire, and Hampshire. Details of this variation in 
resistance or susceptibility, following exactly the egg counts made at 
intervals of 2 weeks, are shown in figure 2. The arrangement of the 
curves for the various breeds is such that in any given section of the 
abscissa the egg count shown for each breed was not only obtained 
from animals maintained under identical climatic and food conditions 


EGGS PER GRAM 


■“ K 

tn O <jn O (ji 

O O O O O O 



Figuee I.-” Average intestatlon of Oskrtagkt drmmcMa in the breeds of sheeii Investigated, and the aver- 
age infestation for the entire band. 


but from animals of practically the same age. "Plum there is elimi- 
nated any possible confiisioii conse<juent upon, making a ('.(unpariscju 
based upon age immunity or acquired immunity rather than upon 
natural resistance irrespective of age or degree of e'xposurii to infection. 
It will bo observed that figure 2 is in agreement with figure t with 
such minor exceptions as might be expected from a conqiarison of 
detailed data with averaged d ata. The peak attained by the 1 1 amp- 
shires at 410 days was due very largely to an unusually heavy infesta- 
tion in a single animal. 

In order to determine whether or not such differences iu resistance 
were significant, csjiecially in view of the fact that a small number of 
each breed was under investigation, the data were analyzed by means 
of Fisher’s pairing method.^ The results are shown in table 2. 


„ 8 'FignKB, H. A. HTAWHtfCAi. .MifiTiiops FOE EFSEiAEaii ■WOEK-EES. Ed.. 4, 307 pp., illiis. Edinburgh and 
London. 1932. Sue pp. 111-114. 
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Table 2. — Results of analyzing the data regarding infestaturn by means of Fishar^s 
pairing niethod in order to make comparisons between breeds 


Breeds compared 

Slieep and mean egg count per gram of fect^s 

1 vnlue 1 

Earnbou! Uet with Soul hdow 1 1 . - - - 

EambouiUet with ]huni)vshire - 

Eambouillet with cross-bred.. — 

witli lio.!! 

Ramboiiillet H5, Southdown, in;).. „ 
Hamp.slure 242, .Rambouillcl , 1 15. 
Hambouinet 115, cross-bred, ss 

2.0J()9 
2. 8891 
I.80M 

Eambouillet with Shropshire... . 

Eornney with Shropshire - 

Eomney with Southdown 

Eoiimey with Hampshire 

Shropshire 215, Rambouillet, 1 1,5. . 

Shropshire 215, Eomney 21). . . 

Southdown 109, Romney 20, .. i 

Hampshire 242, Romney 20 

2. 1824 
4. H222 
2. 8008 
;i. 5277 

Eomney with cross-bred - 

Shropshire with Southdow'ii.. . . .. , 

Cross-bred 88, Ronmey 20.. . . ' 

Shropshire 215, Southdown 109 ... 

1 2. 9670 

2.1200 

Shropshire with Hampshire 

Shro pshire with cross-bred 

Hampshire 242, Shropshire 215. . . .. 

Shropshire 215, cross-bred 88... 

■ C'l 

Southdown with Hampshire — 

Southdown with cross-bred 

Hampshire wdth cross-bred. - 

Hampshire 242, Southdown IDS.. ... .. _ . 

Southdown 109, feross-bred 88 . ..... .. 

Hampshire 242, cross-bred 8S, . — . 

2. 0577 
.7171 
8. 0372 


1 TliB t value necessary to iriclieate significance is 2.479; lilgh significance, 2.771). 



AGE (DAYS) 

FiGtrRffi 2.— Exact biweekly (ktertagla circumcinctn egg counts over a 12-inontli period in diirerent l)reed.s of 

Blmp, 

It should be mentioned here that the calculations shown, in ta,l)lc 2 
are based upon the pairing of data obtained at (uic.h (line of fcc.a,l 
sampling rather than upon moan egg counts for the. (‘utii-e, ])eiiod of 
investigation. It shoidd also be pointed out that the f va.lues, wliich 
are measurements of the significances of diircronces, where Sontli- 
downs and cross-breds are concerned are not based upon as many 
records as are the t values for other breeds, since out of live initial 
Southdowns, two died (one on March 11, 1936, and one on June 12, 
1936), and out of only three initial cross-breds, one died on October 
21, 1935. The cross-breds, however, may well be ignored since they 
do not represent a typical breed and are not considered further in this 
paper. 

_ Extending the statistical analyses to include a study of possible 
significant differences in resistance between individual luciabors of o 
single breed as well as differences between breeds, the results shown 
in table 3 were obtained. 
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Tabld tills of (tnalyzing the data regarding mfesialion by tneaus of Fisher s 

pairing mdhod in order to make mmparisons hebwecn imlividuals 




1 value 

t VUllK^ 



t valu(3 

f va,In(^ 

Individual siieoii 
(tom pared 

/ value 

Tieeos- 
sary to 
he .sig- 

necessary 
to be hiRli- 
ly sitj- 

Indivklnul .sIuhij) 
eoni|)are«l 

1 \’{due 

.sary to 
he sie- 

nceess!ir>' 
to be high- 
ly si.V' 



11 i (leant 

ni (leant 



niticaut 

nitii'an 1, 

RanihouilU't 2\v'iUi 1 

2. 125 

2. 508 

2.819 

Shrotishin^ 13 with 15 

.359 

2. 518 

2. 831 

Rainbouilk'l, 3 wit li 1 

4. 1 19 

2. 485 

2. 787 

Shropshire 13 with 1(1 . , 

2.018 

2. 598 

2. 819 

Raud)()ui!lnt 4 wildi 1 

1.795 

2. 492 

2. 797 

Shro|ishire 14 with 15. . 

1,458 

2. 583 

2. 921 

RainbouilU'l 5 wil.li 1 

2. 075 

2. 485 

2.787 

Shropsliin^ 14 witli 1b . 

2. 518 

2. 507 

2. 898 

RanibouilUd 3 wit li 2 

1.851 

2.500 

2. 807 

Shrop.shin'. 15 with lb .. 

3.312 

2. 539 

2. 8(11 

Rainbouilk'l 2 with 

2. 593 

2. 508 

2.819 

Southdown 17 witli 18 . 

.371 

2.081 

3, 055 

Rainbouilk'tt 5 with 2 

. 059 

2. 500 

2. 807 

Southdown 17 with 19 

3.104 

2, 528 

2. 845 

Raiubouilk't 3 with-1 

4. 091 

2. 485 

2.787 

Southdown 17 with 20 .. 

1.741 

2. 624 

2. 977 

RandKiuilk'l 3 wit h 5 

3.011 

2. 479 

2. 779 

Southdow^n 17 with 21 

2. 759 

2, 539 

2. 801 

Rand)oiiilk't 5 with t , 

1. 030 

2.485 : 

2.787 

Southdown 18 with 19.... 

1. 403 

2.081 

3,055 

KonuK'.v iS wit h 7 . .. 

. (157 

2.479 i 

2. 779 

Southdown 18 witli 20. . 

.847 

2.718 

3. lOb 

Roimu'y 9 with 7 . . . 

.148 

2. 479 

2. 779 

Southdown 18 with 21..- 

1.331 

2. 718 

3. lot) 

■Roiimcy 7 with lu > ... 

1. 3(10 

2.5()0 

2.807 

Southdown 20 with 19„ _ 

. 3. ISl 

2. 583 

2. 921. 

Rornuey 8 wit.h 9 ... 

1.42b 

2. 508 

2.819 

Southdown 21 with 19... 

' . 989 

2. 508 

2,819 

Romney 8 wit, it K) 

2. 088 

2. 528 

2. 845 

Southdown 20 with 21 ... 

' 2. 778 

2. 024 

2. 977 

Jionmey 9 wit.h lb 

2. 017 

2. 5tl() 

2. 807 

Ilanip.shire 22 with 23_ 

1.428 

2. 583 

2.921 

Shropshire 11 with 12 , 

1.993 

! 2. 528 

2. 845 

namiisliire 24 with 22 

■ 1.2(14 

2. 5()() 

2, 807 

Shropshire 11 with 13 . ! 

1.770 

2. 508 

2. 819 

nanipshire25 w^ith 22. „ 

2. 45 1 

2. 500 

2. 807 

Shroitshire 11 w'ith 14 . 

1.218 

2. 5(17 

2. 898 

Uanip.sliire 22 with 20... 

1.335 

2. 508 

2. 819 

Shropshire 11. with 15 . 

1. (159 

2.552 

2. 878 

Ilaniiishire 24 with 23„ . 

J 2. 870 

2. 552 

2. 878 

Shroitshire 11 wit.h lb - 
Shropsiilrc 13 wil.h 12.. 

2. 157 

2,528 

2. 845 

Haniiishire 25 with 23 ... 

i 4.103 

2. 552 

2. 878 

1.8(18 

2. 508 

2.819 

nanip.shire 2(1 with 23 

. 979 

2. 507 

2. 898 

Shro{»shiro 14 with 12 - 

2. 4b6 

2. 539 

2. 801 

Ilatnpshire 24, with 25. - 

. 048 

2. 485 

2. 787 

Shropshire 15 wiili 12. 

2. 592 

I 2.552 

2. 878 

lhin)p.shire 24 with 2(1. - 

1.580 

2. 485 

2. 787 

Siiropshlre 12 with lb .. 

. 702 

' 2. 528 

2. 845 

llainpshlre 25 wdtli 2(1 

4. 203 

2.492 

2. 797 

Sliropshire 14 with 13 . 

. 990 

' 2.518 

2. 831 






111 the Kainboiiilkits three pairings showed highly sigidficant, one 
pairing significant, aiid the remaining six pairings showed insignificant 
differences in susceptibility to Ostertagia circdmcmda. The animal 
which showed a significant difference also showed a highly significant 
difference n])on pairing with another animal. In the Romneys all 
pairings, six in nninber, showed no significant differences in suscep- 
tibility. In, th(‘. SJiropsliires 2 pairings of a total of 15 showed sig- 

nificiint (lifrerences in susceptibility™ 1 significant, the other highly 

signifi(‘,ant. In the Sonthdowns a total of 10 jiairings was made of 
which 2 were signifi(‘.ant and 2 worv highly significant; 1 animal 
being significaintly resistant in 2 pairings and tinother being highly 
signili(‘a,ntly resistant in 2. In the ilanpishire-s one ])airing wdis 
signiflciint, two were highly significant, ainl the remaining seven 
were not significant. The animal showing a significimt difrercn(‘,e 
was also, in. a-notlier ])airing, one of those showing highly signiiii^anf; 
differences. 

Having thus est-ablished not only a significant differciu^e in sus- 
ceptibility to Ostertagia cimmicimta a-inong different breeds but also 
among difrerent iiulividuals of the more su,s<u^|)tible breeds, tlu^. 
writers conijiarcd the more resistant individuals of oacdi of the more 
susceptible lireeds, again employing Fisher’s pairing method, with 
the mean of the Romney breed." The results obtained are shown, in 
■table/ 4. 



928 Journal of Agricultural Eesewrch voi. 55, no. 12 


Table A -^lleBulis of analyzing the data regarding infestation hy nieans <>/ Fisher’s 
pairing method in order to make, comparisons between the nwre resistant individuals 
of sack of the more susceptible breeds with the ?nean of the Romney breed 


Breed and sheep | 
no. compared with 
Komney 

1 value 

i value 
neces- 
sa,ry 
to be 
signif- 
icant 

t value 
necessary 
to be 
highly 
signifi- 
cant 

Breed and sheep 
no. compared with 
Romney 

t value 

t value 
neces- 
sary 
to be 
signif- 
icant 

/ value 
necessary 
to be 
highly 
signifi- 
cant 

Rambouillet 1 — 

Rambouillet 4 

Rambouillet 5 

Shropshire 12 

Shropshire 16 

0.965 

1.792 

2.758 

2.194 

1.158 

2. 4S5 
2. 485 
2.479 
2. 508 
2. 500 

2.787 

2.787 

2.779 

2,819 

2. 807 

Southdown 19-.- - 

Southdown 21 — 

Hampshire 23 

Hampshire 26 

1. 510 
. 263 
. 919 
2. 454 

2. 492 
2. 500 
2. 552 
2. 485 

2. 797 
2. 807 
2. 878 
2.787 


Of the three Ranibouillets showing a significant degree of resistance 
only one showed a significant difference, which was nearly highly 
significant, from the Romney mean, indicating that two of the three 
animals possess a degree of resistance of approximately the sanie 
magnitude as that obtaining in the Romneys, the most resistant of 
the breeds studied. Of the two more resistant Shropshires both 
showed insignificant t values when paired with tlie Roinneys. Of 
the two more resistant Southdowns both showed no significant differ- 
ence when compared with the Romney mean. Of the two Hamp- 
shires showing significant and highly significant t values neither showed 
differences from the Romney mean which were significant. 

CONCLUSIONS 

From figure 1 it appears that the breeds of slieep used in this in- 
vestigation vary in susceptibility to infection with Ostertagm circwm- 
cincta in the following ascending order: Romney, cross-bred, 
Southdown, Rambouillet, Shropshire, and Hampshire. The Romneys 
showed very many fewer eggs per gram of feces throughout a period 
of 12 months than the average for all the breeds, and an even greater 
difference is apparent when comparisons are made with the Shropshires 
and Hampshires. The cross-breds, Southdowns, and Kambouillets 
approximate one another in egg count, occupying a position about 
midway between, the Romneys and the Shropshires and Hampshin's, 
which approximate one another. The picture presented by tliis 
chart of average infestations is substantiated on the whole by' figure 
2, allowing for certain discrepancies which are to be e,xpected when 
averages of data are compared with detailed data. Statistical analysis 
of detailed data, as presented in table 2, shows, however, that figure 
1 does not give an entirely true picture. This analysis shows" the 
Romneys to be highly significantly more resistant than any of the 
other breeds; the cross-breds, which may be ignored because' they do 
not represent a true type, are significantly more resistant than the 
Shropshires and highly significantly more so than the Hampshires, 
but not significantly more resistant than any of the other breeds; 
the Ranibouillets are highly significantly more resistant than the 
Hampshires but not significantly more resistant than any other breed; 
the, Southdowns, Shropshires, and Hampshires show no significant 
dift’erences in resistance or susceptibility from one another and are 
not significantly more resistant than any other breed. This informa- 
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tiou forc'cs tlu' writtvrs to (‘.ouclndo that the correct order of {isc,eiulin<»* 
susce])til)ility is as follows: lioinney, cross-bred, liaiiibouille.t, South- 
down, Shi’opslrire, a,nd irainpshire, the last tliret^ breculs possc^ssinir a. 
sus(*e|)tibility of a-pproxiniately the saane magnitude. Kigun^, 2 and 
unpublisluMl results of uivestigations of seasornil incide.Ti(‘.e of (Her- 
f.a'fla c'uTHmchii'ia infeslations in these arid oth(M- aaiirnaJs ()n irrigated 
pastures iiulicate tluit age irnmunity or acquired inununity do not 
corifuse this |)ictu:re of breed resistance.. ('),ne might r(‘.asonal:)ly. 
e.xpect Roiniieys to be inore^resistant to internal parasites favored by 
moist conditions than inost if not all other breeds of slieep since they 
were developed in the Kent marshes in England and were held under 
relatively concentrated conditions. Natural selection and selective 
breeding, even though not scientifically conducted, would strongly 
tend to make such resistance characteristic of the breed. 

Bhirther atatisti(ail analyses dernonstrated that certain individual 
animals of the susc.cvptible, as well as the intermediate, breeds possess a 
resistance to OrtertacjUi cireumemeta of approximately the same mag- 
nitude as the mejiu of that of the Romneys. It wa^iild appear, there- 
fore, that the faxd-or, or factors, which deterniine resistance have 
become fixed in Rciinnoys and that this same factor, or factors, 
is also in the otluu* breeds although not fixed as in the resistant breed. 
Conseciuently it may be assximed that if a sheep briHahu* is desirous of 
securing a breed resistant to this stomach worm he may do so by 
careful selection within any of the above-mentioned l)reeds, and 
probably within those not investigated as well, without the necessity 
of attempting to cross-breed with all of its attendant diflicultieB and 
with the possible sacrifice of other and desirable characteristics typical 
of certain of these breeds. A similar thing has been done by Ackert 
and his asso<‘.iates at .Kansas vState College, wliere breed resistance 
in fowls to Ascarid'ia has been demonstrated and a strain of White 
Leghorns resistant to this parasite has been developed by the selection 
of the most ,resista.nt (‘oekerels and pallets in the (lock and carried 
through three genera-tions by subBequent father-daughter and brother- 
sister matings. 

T\u) findings given herein demonstrate to: be t:rue Stolhs idea 
t’luit, there ])robahl.y exist strains and breeds of sheep which are re- 
sistant to ludmintlis. 

SUMMARY 

A group of 29 hunbs, representing 5 breeds, and 3 crosB-briul 
mclividuals, was isohited and kept for 12 months on an irrigated pas- 
ture, wliere they were continuously exposed to infection from (Mertagia 
circu7ncinda. Egg counts, by a modification of Ca-ldwelPs mctliod, 
were made regularly every 2 weeks throughout the period. Such 
counts were used as an indicator to determine relative resistance or 
susceptibility. The data thus obtained were statistically analyzed 
by Tisher’s pairing method. 

From these analyses it was shown that the different breeds vary in 
susceptibility to the parasite in the following ascending order; Romney, 
Rambouillet, Southdown, Shropshire, and Hampshire, the last three 

■< Acuckrt, j. n. TARAHiTKB OP rouLTRY. Jonr. AmeD Vet, Med. Aasoc. (n. b. 43) no: .351 3.52. 1937. 

® Stoll, N. R. ckhtain net kffkots iisf iiELMiKmc FAEAsmsM, with hi’KCIAl ukfioukn(Ui: to the hueef 
HOST. Oorrudl Vet, 20: 171-179. 1930. 
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breeds possessing a susceptibility of approximately the same magni- 
tude. The Romneys are outstandingly resistant. 

Further statistical analysis showed that in each of the more sus- 
ceptible breeds there are significant differences in susceptibility, but 
in the Romneys there are no significant differences ])etween individuals. 
Still further analysis demonstrated that the great majority of the more 
resistant indmduals of the more susceptible breeds possess a resistance 
of approximately the same magnitude as the mean, of that of the 
Romney. Since this is true it is theoretically possible for a breeder 
to develop a resistant strain within any of the more susceptible breeds 
investigated without running the risk of sacrificing a cluiracteristic 
of some particidar breed whi('h ho. wants to maintain. 



GROWTH SUBSTANCES IN RELATION TO THE MECHA- 
NISM OP THE ACTION OP RADIATION ON PLANTS ‘ 


By.H, W. Popp, professor of botariy^ and H. H., .C. n :e, re'sea-rc/i assistant^ 

I^erinsylv^^ Agricultiital Experiment i^tation 

INTRODUCTION 

Tliat radiation exerts a strong fonnativc influence on plants lias 
long been recognized. ^The blue-violet end of the spectrum, is par- 
ticularly effective in tliis respect, as lias been sliown by tlie work of 
Scliaiiz'(7),‘'^ Popp {4)j Sliiiiey ((9), and otiiers {5), Witli most plants, 
this part of the spectrum causes decreased^stature as compared with 
the red end. In all tlie work with ultraviolet radiation carried out 
by the senior aiitlior since 1921 and in many of tlie researclies of 
other investigators, :no effect of such radiation, excel)!; jierliaps the 
destructive action of tlie extremely short wave lengtlis, luis been more 
consistently found tlian tlie decreased stature of ])lan(iS (6). An ex- 
posure of as little as 2 minutes per day, to tlie ims(n‘('cned radiation 
from a quartz niercury-vapor lamp at a distance of BO cm uxerts a 
marked stunting efl^ seedlings otherwise kept in dilfused daylight 
or in darkness. 

No satisfactory explanation of tlie meclianism of this action of 
radiation lias as yet been advanced. Previous attempts in c wrters’ 
laboratories to explain it on the basis of clianges in such chemical 
substances as occur in sufficient quantities to be analyzed ( he imcally 
have so far proved unsuccessful, althougli investigations m this field 
have hardly attained a good start as yet. Hare and Kersten (3), as 
a result of their discovery that ultraviolet radiation destroys indole- 
3-n-propionic acid, have recently suggested that ‘‘a possible action of 
ultraviolet light upon the tryptophan within tlie plant may in some 
part explain the effect of ultraviolet light upon plants.’’ ''this iiifcr- 
3 nce warrants further inquiry, since it has been shown that ultra- 
violet radiation destroys tryptophan in vitro, and that disagreeable 
odors siicli as iniglit result from the breaking down of tryptophan 
and other indole derivatives have sonidimes been observc^l when 
seedlings were ex[)()sed to distinctly injurious doses of ultraviolet. 
The re<‘(uit interest in plant-growth Bubstanccs or hormone's, the 
rapidly accuiniulating cxperiinental data on their charax'.teristics and 
effects, and partuudarly the toclmique develc)[)e(l (/, /i, fO) for their 
(juantitative determination, have furnished another moans of apfiromdi 
to this problem. 

Tiie {)rosent investigation was undertaken for tlie [)ur[)ose of deter- 
mining wliotlicr the effects on the plant of short-wave radiation could 
bo cxjilaiiied on the basis of the effect of such radiation on ])lant- 
growth substances. The work was begun in January 1930, as a part 
of a more extended investigation of the effects of radiation on plants 
which has been under way for several years. After about 3,000 tests 

1 lieceivTHl for pul)lk!atioii July 30, 1937; issued Febru&ry 1938. Coutrihutioii No. 101, Depurtmont 
of Botany, The X'enusyl vania State Colleite. Paper No. 780 in the Journal Series of the Pennsylvania Agri- 
(!ultural Experiment Station, This work was .supported by the radiatiou oamrnitteo of the Division of 
Biology and Agriculture, National Research Council, 
a Reference is made l)y number (italic) to Literature Cited, p. 936. 


(iSI) 


Journal of Agrleultural Resi^areh, 
Washington, J,). C. 


Vol. no. 12 
Dee. 15, 1937 
Key no. Pa.-57 



932 


Journal of Agricultural Research 


Vol. 55, no. 12 


had been completed, a paper appeared by^ Burkholder and Johnson 
(^) reporting a somewhat similar investigation. 

In general, these men found that intact seedlings or excised tips of 
seedlings of Avena and Zea exposed to the raduiticui From a <inartz 
mercury- vapor lamp transmitted through 5 cm of distil leal w'al-er in a 
glass cell or through a Corning No, 986 red-purt>le Corex A filter of 
7 mm thickness, contained less growth substance, a.s determined by 
a modified Went method, than did controls kept in chirkness, the 
reduction in growth substance being greater with increased exposure. 
That the effect of the radiation was not brought about by a downward 
diffusion of the growth substance away from the direction of the 
radiation was indicated by the fact that lower sections of treated 
seedlings show^ed no commensurate increase in growth substance. 
Further evidence that the effect of the radiation was a direct one was 
the fact that irradiated blocks of agar into which growth substance 
had previously been allowed to diffuse from excised coleoptile tips 
caused less curvature in decapitated Avena test plants than did 
control blocks not irradiated. 

Ultraviolet radiation alone, as transmitted through Ck)rin No. 
986 red-purple Corex A glass, caused a marked rediiction in growth 
substance as compared with the amount in. controls. The test plants 
were ex|)Osed to radiation through this glass for 60 and 120 minutes 
at an intensity of 1,888 ergs/cm^/sec., an exposure probably great 
enough to cause injury to the seedlings, since this glass transmits 
ultraviolet radiation down to 250 mjj.- Burkholder and Johnson 
do not indicate whether injury occurred, but the writers have never 
been able to irradiate plants through this glass under the conditions 
stated, without injuring the exposed tissues. On the other hand, 
tests with the blue mercury line, 4,358A, at an intensity of 278 ergs/ 
cinVsec., indicated to Burkholder and Johnson “only small and per- 
haps insignificant differences in growth substance as compared with 
the darkened controls.’^ It is likely that in these tests the intensity 
of the radiation was too low and the exposure ti.mo not gretit enough, 
for, if the stunting effect of such radiation as compared with, (birkuess 
is to be attributed to reduction in growth substances, we should 
expect a significant difference between irradiated plants a,nd (‘ont.rols. 
In these tests, 8 seedlings were illumiriate(l foi' 55 minutes, 10 for 
180 minutes, and 10 for 300 minutes. The av(U’a,ge curvuiturc's 
produced by these seedlings were 11.0^, 9.5°, and 8.7°, res])e(‘tively, 
as against 10.9° for the controls in darkness. Wliih^. th(u*(>i was 
probably too small a number of seedlings used under any condition, 
to warrant reliable inferences, these results do at len.st in(lica.te a, 
consistent decrease in growth substance with length of expovsure. 

Wlien excised tips of coleoptiles were subjected to unilateral 
illumination, the illuminated side contained less growth snbstanee 
than the shaded side, but, strangely enough, when intact coleoptiles 
were thus treated, although they bent toward the light, the illuminated 
side contained more growth substance than the darkened side. No 
explanation is offered for these contradictory results. 

While the Burkholder and Johnson paper was probably o.nly intended 
as a preliminary one, since few tests were made under any one set 
of conditions, the results do indicate that the effect of radiation of 
short wavelengths is to inactivate growth su))stan(‘.e. If tliis is to 
be used in explanation of the mechanism of the action of radiation 
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upon plant' growth, itJ.s necessary that the conditions of radia.tioii. 
that produce definite foriiniitive eflhcts be the ones that are iised in 
the studies of growth substances. With ultraviolet radiation, for 
example, the intensity, spectral range, and durji.tion of exjiosure 
should be such as to catise the ordinary st-unting of growtli witliout 
seriously iiijiiring* tlie stM^dliiigs. In the pri^simt investigaifuni an 
atteinpt was made t<,:> sa.tisfy tliese c-()n.ditio'ns. 

EXPERIMENTAL PROCEDURE 

The test |)hints used in this investigation were turnips (Brassim 
rapa L.), variety Purple Top White (Ilobe. Individually selected 
seeds were germinad(>(l on cotton and filter paper in sterilized Petri 
dishes, 50 seeds to a culture, and kept in darkness a;t 25° C. except 
during the radiation treatments. The seeds were evenly spaced in 
the germinators. 

The S(>ur(‘('- of radiation was a inercury-vapor la,mp in quartz 
operated on a llO-volt alternating current circuit witlx rectifier. 
The intensity of X'adiafion from this lamp at a distance of 50 cm, 
without any screiai, was 21.65 watts (10""^’/cm^). Three types of 
Corning glass fib<ers were used: Noviol 0, transmitting down to 
389 m/x; G58()A, t.iansmitting the region 300 "436 mfj.; and red-purple 
Corex A,^ trarismitfing the region 250-415 mg. ITie total energy 
transmission of tlu'sc^ filters was .measured by means of an Eppley 
pyrheliometer of tlie Kimball and Hobbs type and the distances 
from the plants to the mercury-vapor lamp wete. so arij listed as to 
equalize the intensities. In some cases, liowever, the plants were 
exposed at sliorter distances. The lengtlis of exposures through 
screens transmitting ultraviolet radiation or to the unscreened arc 
were such as to minimize injury but to produce stimtiiig effects on 
tlie seedlings. These ]')eriods of time were determined by the results 
of several yca.rs^ work with, such radiation. Seedlings irradiated 
through, Noviol 0, wliich eliminates all ultraviolet, were given longer 
exposures. 

The [xhints wene usually exposed for the first time about 24 houx'S 
after being placed in the givianinators, and daily or twice a, day there- 
after, usually for iV/i or 7 days. During irradiation a. strong current 
of air was kept moving over the plants to minimize heating effects, 
although, these were negligible because of the short jieriodsof cx[)osure. 
Immediately alter hTadiation the plants were retutTied to the dark 
cinuubex*. Controls consisted of plants kept under all the conditions 
to which the test [ilants were exposed except the irradiation. 

Tests for growth substances were made by a slight modilicaliori of 
the Went Avena method {9). The test plants used for this purpose 
wer(^ a })ure-linc selection of oats {Avena sativa L.) made by Dr, C. 
F. Noll of this station and chosen because of their purity and uni- 
formity. In the first series (table 1) the tips (1 mm) of the turnip 
seedlings to bo tested for growth substance were transferred to blocks 
of 3 percent aga,r, 2 by 2 by 1 mm, and the growth substance allowed 
to diffuse into them while they were kept for 2 hoiu's in a moist cham- 
ber. These blocks were then cut in half, one half of each block used 
for the tests and the otlier half discarded. The halves used were 
transferred unilaterally to Avena coleoptiles that had been decapitated 


3 LoaruMl by tUo Rpploy Laboratory, Inc. 
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2 lioiirs previously and allowed to remain in a moist cliamber. About 
0.5 nim of the coleoptile tip was again removed before this transfer. 
Avena coleoptiles about 30 mm in length were cliosen from secallings 
grown in darkness for about 5 days. During all manipulatiions the 
Avena seedlings were fastened with special holders and glass tubes. 
After the transfer of the agar blocks to the decapitated coleoptiles, 
the latter were returned to the dark chamber for 2 J,i.ours, at the end, 
of which time the angle of cinwature of the coleoptiles wa.s measured 
directly in a shadow box.^ All manipulations were carried out in 
photographically inactive light. In the later tests (table 2) the tips 
of the turnip seedlings were transfeired directly to the decapitated 
coleoptiles and the angle of curvature mea-sured. For comparison 
some of the Avena coleoptile tips were also transferred^ to agar and 
tested for growth substance. Likewise, the agar itself was tested. 
All results were treated statistically and probable errors determined. 


Table 1 . — Mean curvatures obtained with agar blocks into tohich growth substance 
had diffused from tips of turnip seedlings 


[Soedlings irradiatod oxer a period of 7 days and Riven a total of 7 exposiiri'S, 21 iionrs apart.} 


Scrotvn 

Daily 

exi)osuro 

r’ests 

Moan cur- 
vatiiro 

U nscrccned arc - * 

Minutes 

5 

Number 

2, 232 ! 

Degrees 

0. 52±(), 008 

Noviol 0, 

20 

240 

2.80± .023 

C ontrol (total darkness) 

0 

1,808 

3.1()± .012 



Table 2. — Mean curvatures obtained by direct transfer of tips of turnip seedlings 
to decapitated Avena coleoptiles 

[Seedlings irradiated over a period of days and given a total of 7 exposurfis, 12 hours apart} 


Screou 

Semi' 

daily 

exposure 

Tests 

Moan eur» 
vaturti 

Cnscreonod arc - . 

Rod-purplo Con'.'c A J . . . . 

Rod-purplo Coro.\: A L _ . 

asSOA.,— . V 

a586A„_ ..... ...... 

Noviol 0 . 

Minutm 

5 

5 

5 

40 

20 

20 

0 

Number 

672 

240 

144 

624 

504 

; 576 i 

1,083 1 

1 1 

Jkgreee 

0. O.'lrLO. 005 
. KLb .009 
.013 
.70,::h;.012 
L70“.h .016 
4.00rL .017 
5.40i .013 

Control (total darknoss) ^ . 



1 16 om from lainp. 

2 30 cm from lamp. 

RESULTS AND DISCUSSION 


In table 1 are given the results obtained by transferring agar 
blocks to the decapitated coleoptiles. The results shown in table 2 
were obtained by direct transfers of the tips of the treated turnip 
seedlings to the decapitated coleoptiles. The latter method proved 
to be the better since the authors were more concerned with relative 
than with absolute amounts of growth substance. The growth 
substance present in the Avena coleoptile tips, as determined by the 
agar method, and in the agar itself is shown in table 3. 
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I'able 3. — Grourlh substance present in Arena coleoptile tips aud in plain (Ujar 


iSfMHillngs grown in finrk; 3’^ days old whon testorlj 


Ittull 


Mciin curvii- 
tiirc 

1'* 1 iiii'i }iKar „ „ . . . 

Number 

480 

330 

Jivqrvt'H 
;i. 20 ' ±0. 01 0 
. 0()44,:fc: . 002 



An exadnin{xti(>ii of tables 1 and 2 reveals tlnit in every case irra- 
diated pliints produced lower curvatures and lienee less growth sub- 
stance than did the controls kept in total darkness. Furthermore, 
the shorter the wave lengths to which the plants were exposed, the 
lower were the ciirvatures. Thus the lowest curvatures were obtained 
with |>hints exposed to the unscreened a.rc, wliich transmitted down to 
about 235 mp; the next lowest by the plants screened with red-piir})le 
(iorex A, which traiismitted down to 250 niM, and the next by the phints 
screened with G586A, wliich transmitted down to about 300m/x. In- 
creasing the length of exposure witli the G586A screen or decreasing 
the distance witli the red-purple Corex A screen still further reduced 
the curvatures. The plants screened with Noviol 0, which eliminates 
practically all ultraviolet but transmits the entire visible spectrum, 
gave less curvature than the controls, indicating that, although the 
presence of ultraviolet radiation was miicli more effective in reclucing 
growth substance, this effect of radiation is not restricted to the 
ultraviolet rc'gion. Tliis is in accord with wdiat wu>uld be expected 
from the fact that- tlie seedlings screened with Noviol 0 were distinctly 
shorter than the cont.rols, tliough much longer than the plants exposed 
to ultraviolet ra,diation. The shortest plants were uniformly those 
exposed to tJie unsci'cened arc. 

There was, tlu^refore, a distinct correlation betw^eeri the stunting 
effe(*t of the radiafion used and the degree of curvature produced in 
Arena c'ohvip tiles. Since the number of tests (‘onducted under each 
condition was very huge, and tlie differences betwe(ui test fdauts a,nd 
controls woro uniformly in the same dire<‘tion, these results are 
signiticanti. This is further shown by the statist. ica.l analysis. If tlie 
Went uu'Ihod of determining growth substance is accepted as aceurafe, 
tlic'se results indicate tluit radiation, and pa<rti(‘ularly the short wnvu^, 
lengths of the speidruin, ca-uses a rothu'tion in the amount of growth 
substance present in growing tips of ex[)osed plants. If, furthermore, 
we a(*c(‘pt the fiostulation of Went and others, that the elongation 
of stems is directly controlled by growth substance, these results 
indica-t.e that radiation checks elongation of stems through its action 
on growt.h subst»a.n(‘es. In other wmrds, this formative ctfect of radia- 
tion may lie a,t huist [)a,rtly explained on the basis of inactivation of 
growtli. substance. The "discovery by Burkholder and Johnson, 
previously ri'.ferred to, that radiation inactivated growth substance 
which was aflowcul to diffuse into agar, lends fiadher support to this 
couclusiou. 
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SUMMARY 

A study has been, made of the amount of growth substance present 
in turnip seedlings kept in tota,.l darkness a.s compared with the 
amounts present in such seedlings exposed to the^ radiatioii from an 
unscreened mercury-vapor lamp or to this radiation a^s screened 
through Noviol 0, G586A, or red-purple Corex A glasses. Irradi#,ted 
plants uniformly contained less growth substance, as deterinined by 
the Went method, than did controls in total darkness. The shorter 
the wave lengths to which the plants were exposed, the greater was the 
reduction in growth substance. Although ultraviolet radiation was 
more effective in reducing the amount of growth substance present in 
seedlings, plants exposed to only visible radiation likewise showed a 
lower amount than did the controls in darkness. Since the degree 
of stunting of the seedlings was definitely correlated with reduction 
in growth "substance, and since growth substance has been shown to 
exert a controlling influence on stem elongation, these results are 
believed to support the thesis that the stunting effect of radiation 
upon plants may be at least partly attributed to the iTiactivation of 
growth substances. 
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THE CARBON METABOLISM OP FUSARIUM LYCOPERSICI 

ON GLUCOSE 1 


By Gokdon H. Pritham, graduate scholar, and .Arthur K., Amnmmn, professor 
oj physiological chemikry, Pennsylvarda Agricultural Experiment Siaiion 

INTRODUCTION 

Tills paper reports the results of the foiirtli in a series of studies 
begun by Anderson in 1924, when he published on tlie bioclieniistry 
of Imi (1).^ The second and third papers were from this 

laboratory, one in 1933, the other in 1934 (^, 3) ; both deal with Fusar.^ 
mrn oxysporuni. The present investigation was undertaken to obtain 
data on a third Fmariunij which would provide a basis of comparison 
with the previous studies. 

REVIEW OF LITERATURE 

One of tlie most important investigations of tomato wilt is tliat of 
White (/7), wlio in 1927 made a study of 24 strains of Fu'^artum lyeoper-- 
sici with respect to pathogenicity, influence of tlie hvdrogen-ion con- 
centration of tlie medium on the growth of the organism, i)ro(lucts 
of metabolism on a glucose medium, and the toxicity of tliese products 
to tomato plants. 

In a study of the liydrogen-ion concentration of the soil as related 
to' the Fmanum wilt of tomato seedlings, Sherwood (14) found that 
acid soils favor wilting, but that there is no limiting degree of acidity 
or of alkalinity at wliicli the disease will not develop. May (8) 
found no correlation Ixdween pH or titratable acidity of five varieties 
of tomatoes and resistaiu'e to Fmarinm wilt at any stage of growth. 
Scott (13) obtained maxinuim growth of Fusmimi lyvoperFbci at pH 
values botWH>en 4.5 and 5.3, the organism tending to change the pH 
of all solutions toward a constant valne of 6.0. 

In a, recarnt study of the metabolism of Fumrvum lycopemici^ laiz 
{7) obsetweil four plnises in the changes in hydrogen-ion concentration 
of the medium brought about bv the growth of the fungus. He 
as(‘ribes these*, (‘hanges to the fomiation of organic, acids and to the 
pr(*.fer*cntial absori)tion of ions by the fungus. Ho also found that, 
as soon as the ghi(*.ose is exhausted, the orguJiism very ra])i(lly utilizes 
the ethyl alcohol which it produces. 

A considerable amount of work has been done on the biocliemistry 
oi FumrimiMm by Anderson (I), Letcher and Willaman (60, White 
and Willaman {15, 16), and Reynolds (11). This work, together with 

1 Rocoived for publication Mar. 12, 1937; issued February 1938. Paper No. 791 in the Journal Series of 
the Pennsylvania Agricultural Experiment Station. This paper is part of a thesis presented by Gordon 
H. Pritham to the faculty of the Graduate School of The Pennsylvania State College, in partial fulflllment 
of the requirements for the degree of doctor of philosophy, 
is Reference is made by number (italic) to Literature Cited, p. 948. 
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that of Birkitishaw, (pharles, Raistrick, and Stoyle (5) on various 
species of Fumriwm, is reviewed ' elsewhere (5). Reynolds (10, 12) 
demonstrated in resistant flax plants , a ^ cyanogenetic gliic^osidoj 
linamarin, which inhibited the growth of F. lini, and he postailated 
tlnit the fungus may release enough hydrocyaJii(^- a.cid from a, resista,nt 
plant to inhibit its own growth, 

Anderson, Everitt, and Adams (5) repeated inueh of Anderson’s 
earlier work, using Fusarmni oxys%)onvm instead of F. lini, ^ Tliey 
found that the metabolism of the twm organisms on glucose is very 
similar, the principal difference being that F. oxysporuin utilized very 
little of the ethyl alcohol which it produced, while Id Imi used it to a 
marked degree. Anderson and Emmart {2) studied the effect of 
adding certain amino acids to the culture medium on the rate of 
carbon dioxide production by F. ox/iisporum. Tlie amino acid 
studied had little effect on the metabolic rate. 

GENERAL METHODS AND MATERIALS 

Source of FusariuM lycopersici culture .- — The culture of the organism 
used in this investigation was obtained from Dr. C. 1). Sherbakolf, of 
the Tennessee Agricultural Experiment Station. It was isolated 
from Maryland tomatoes and was known as culture M. From this 
culture a monosporous culture was prepared by the authors. Trans- 
fers from this culture were used in the present study. 

Preparation of the medium .' — The medium used in this work had 
the following composition: 

Ammonium nitrate — - - 1. 00 g. 

Magnesium sulphate - — „ - 0. 25 g . 

Monopotassium phosphate 0. 50 g. 

Distilled water to make. 1, 000 inl 

To this stock solution, sufficient glucose was added to ma.ke an approxi- 
mately 2-percent solution of glucose. The exact quantity of glucose 
in each lot of medium was determined by the Folin-Wu (7) method 
after autoclave sterilization. 

Hydrogen-ion concemtraiion.— The ^ pll value of all solutions was 
determined electrometrically. The quinhydrone electrode wa,s us(‘(l 
in all cases except in the study of the influence of the hydrog<union 
concentration on the growth of the fungus, when the Bailey hydi'ogen 
electrode was employed. 

Determination of combustible gases.— Since a low^ ])ercentag('^ r(HU)v- 
ery of carbon was obtained in preliminary work, where*, the medduxls 
were the same as those used in earlier work on Fmarium Uni (/) and 
F. oxysporum (S), it was thought that possibly the fiingus might 
produce some gases or volatile compounds wliich were not absorbed 
during aeration of the flasks for carbon dioxide. Consequently, a 
combustion tube, partially filled with ignited lead chromate and wire- 
form cupric oxide, as recommended by Pre^l (9), and another barium 
hydroxide tower were added to the aeration train, the gases being 
passed through the hot combustion tube and into the second barium 
hydroxide tower after going through the first barium hydroxide tower. 
A significant amount of carbon was recovered by this method. That 
this was not merely some carbon dioxide which had eB(‘.apcd absorption 
in the first tower was shown by interposing another barhun liydroxide 
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tower beiw('en the first one and ^ the coiixbxistion tube. Vory little 
carbon dioxides was obtained in this tower. 

Determrtartion, <rf nitrogen m the mycelvmn .' — Since Anderson a-nd 
vSeh.utd(^- {Jf) ha-ve showii thatj in the absence of ehloridc's, tin'- ix'sidnc 
from the (ieierininafion of carbon by the wet coinlinslion mei-hod can 
Ix"' us('(l sa.tisfa,(*.torily for the determination of nitrogen by tln^. K jel- 
dajd inefhod, the residue from each carbon deteianinaiion aJ'ter 
digestion was made strongly alkaline with satura.tcMl scxlinin liydroxide 
solution, the ammonia being distilled and titrated as in the xisiial 
KjeldahJ method. 

The methods for the preparation and inoculation of the cxdtxire 
flasks, the determination of carbon dioxide, ethyl alcohol, residual 
glucose, orga.nic acids, and carbon in the mycelixiin are essentially the 
same as those used in. previoxis work (i, 3). 

THE REACTION OF THE MEDIUM IN RELATION TO GROWTH 

OPTIMUM, MAXIMUM. AND MINIMUM pH 


The teclxnique used in studying the relation of the reaction of tlie 
mediiim to growth of Fmarium lyeopersici was similar to that em- 
ployed by Anderson (/) in his work with F. li/ni. The results are 
presented in figure 1 . It is _ 

evident that F, lyeopersici [ '“T"'"" T T ~ 

is very tolerant to extremes 

of acidity and alkalinity, 'in\ 4 Q 

the minimurn pH value for < 

growth being L8cS and the § ^ 

maximum 11.06. These re- ^*35 - ^ . 

suits correspond well with y / v A 

those obtained, by White g f ; 

{17) with FAycojjersici iiml §’ 7 V 

with those of Anderson (./) / \ 

with F. Uni. Luz(7),how- S.25~ 

ever, obtained no growth {I i \ 

of F. lyeopersici a,t ])U values ^ \ 

above 8. 1 0. The lowest pH >. ‘ “ \ 

tha.t he tried was 3.25, at g \ 

whudi value the fungus u^js \ 

.grew well. ^ .o'. . i 

The range for good growth ^ \ 

is also very wide, extending o.io— .1 - 

from about pH 2.0 to pH ^ \ 

9.5, the optimum being ])H 1 

4.1. Scott (IS) and White ‘ 1 . .... 

{17) obtained almost identi- \ 

cal results wi.th F. lyco- ol — IJ — .. J, 

persiei, but observed two ^ 

maxima in the growth 7 , 

curves at pH 4.0 to pH 5.3 

and above pH 7, with a 

minimum between pll 5 and 7. Laz (7) observed maximum 


0 2 4 6 8 10 le 

INITIAL pH OF MEDIUM 

PiauEK 1,—Growth of Fusarimn lyeopersici at various hydro- 
gou-ioii concoutrations. 


minimum between pII 5 and 7. Laz (7) observed maximum 
growth at pII 5.7. The results of the present study also agree well 
with those found for /f Uni (7), 
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CHANGE IN pH DURING GROWTH 

Figure 2 shows graphically the change in the reaction of the medium 
with time, both with and without the growth of the fungus. J'orliaps 
the most striking effect is the marked tendency of the organism, within 
the range of vigorous growth, to change the reaction of the nnulium 
toward the optimum value. This effect is especially notable on the 
acid side, the final pH values of five cultures tha t had initial reactions 
of from 1.88 to 6.28 varying only from 4.25 to 4.95 — values that are 
well within the optimum pH range. That these changes are due to 
the growth of the fungus and not to independent changes in the 
reaction of the medium itself is shown by the fact that tlie change in 
the reaction of the uninoculated medium tends to be constant. The 
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fiQVEE 2.— Changes in hydrogen-ion concentration of the inedlujn during growth of cultures shown in 

figure 1. 

final pH of the blanks bears an approximately constant ratio to the 
initial pH, except in the strongly alkaline solutions, where there is 
evidently considerable absorption of carbon dioxide from the air. 
Although the change in the reaction of the inoculated medium is not 
so striking on the alkaline side as on the acid side of neutrality, the 
organism shows a decided tendency to increase the liydrogen-ion 
concentration toward the optimum. Part of this increase evidently 
is due to a^orption of carbon dioxide from the air, but here again 
the chpge in the inoculated flasks is greater than in the uninoculated 
ones, indicating that the fungus itself changes the reaction of the 
medium. These results are similar to those obtained by Scott (IS) 
with Fusarium lycopersid, and by Anderson (1 ) with F. Uni. 
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In studies of oart)on 'metabolisrn on glucose, tlio cliange in pH 
was followed sit inl.crvids over a considerable period of growtli. 'In 
all, four stuilies w(M*e- made, and in every ease the pH value t)f the 
medium wsis increa.s(Hl to about 7,0.^ There was no initial dcicreasOj 
as him (7) obst^.rved in liis wmrk with Fumnum lycoperslcij and as 
Anderson (/) found wilh F, lmL The pH vsilue of an 8-montlis»ol<l 
ciiHur(‘ of b\ liicop(m(% which, was used in testing for orgaiiiic acids, 
wa.s 7,3, simwing that the fungus will change tlie reaction of tlie 
medium from a.eid to alkaline if allowed to grow long enough. Liiz 
(7) as(a*ib(^s the incnaise in pH to 7.5, as observeci by him, to the 
preferential al)sorption of nitrate ions from ammonium nitrate in the 
medium, witli. tlie concurrent liberation of ammonium ions* 

CARBON METABOLISM ON GLUCOSE 


Although four studies (series) were made, the results of only the last 
will be presented in detail as it is representative of the other three» 
(table 1 and fig. 3). Since in the first series the total recovery of the 
original carbon decreased to 
less than 50 p o r c c n t as 
growth. ])r()gressed, it was 
thought that the fungus 
might produce some com- 
pounds other than the ones 
being determined. Accord- 
ingly, two new methods 
were introduced in the 
subsequent series. It was 
suggested that some of the 
undetermined carbon might 
be in the form of gaseous or 
volatile compounds which 
would he lost during the 
aeration of the cultures for 
carbon dioxide. To test 
this hypothesis, a combus- 
tion tube and a barium 
hydroxide tower wore intro- 
duced into the aeration 
trtiin. By means of this tech- 
ni(|ue, the results of which 
arc given as ‘^CJombustioid^ 



m table 1 and figure 3, an 
amount of carbon represent- 
ing about 2 percent of the 
original carbon was ob- 
tained, thus showing that a 
small amount of volatile organic compounds is produced by Fusarium 
lyeopersiei . ' 


FiaunB 3,— Distribution of metabolic products of Fusarium 
Ipcopersici when grown on glucose. See table 1. 
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Table of metabolic products of Fnsarium lycopersici on a glucose 

medium at various stages of growth 




Mycelium 

Carbon dioxide 

Ktliyl alcohol 


Age of culture 
(days) 

Weight 

Weight 

of 

carbon 

Carbon 

Carbon 
as related 
to initial 
carbon i 

Nitro- 

gen 

Weight 

of 

carbon 

Carl)on 
as related 
to initial 
carbon • 

Garlxm 

in 

300 ml 

Ca,rbon 
ns related 
ti) initijd 
carbon i 

n 

Oram 

Gram 

Percent 

Percent 

Percent 

Gram 

Percent 

Oram 

Percent 

8.„ 

0. 120 

0.081 

45. 88 

2.31 

3.6 

2 

0. 068 

2. 97 

0. 

075 


3. 20 

15 

.230 

.110 

47.79 

4.70 

3.22 

.213 

1 

. 08 


374 


15. 90 

22- 

.307 

.140 

45. 62 

5.98 

3,33 

.341 

h 

.55 


712 


30. 44 

29 

.347 

, 169 

48. 56 

7.20 

4. 27 

. 446 

11 

.55 

. 890 


38. 01 

37_.- 

.383 

.177 

46. 26 

7.58 

4. 03 

. 502 

21. 46 


825 


35. 76 



.385 

.176 

45.91 

7.54 

4.00 

. 549 

23 

.45 

. 841 


35. 96 
30. 73 
27. 32 

49- 

56- 


.341 
. 366 

.143 

.147 

41. 63 
40. 00 

6. 12 
6.26 

3.68 

3.38 

. 547 
. 574 

23. 36 
24. 55 


706 

644 


60 

.365 

.156 

42. 67 

6.65 

3.62 

.575 

24. 58 


612 


26. 1 1 


1 














Glucose 

Lead precipi- 
tate 

Combustion 

Residual eur- 
bon in filtrat.e 

O'otal 
rtHiov* 
cry of 
carbon 
as re- 
lated t.n 
initial 
earboni 



Age of culture 
(clays) 

Carbon 

in 

300 ml 

Carbon 
as ro> 
lated to 
initial 
carbon i 

Weight 

of 

carbon 

Carbon 
as re- 
lated to 
initial 
carbon J 

Weight 

of 

carbon 

Carbon 
as re- 
lated to 
initial 
carbon ^ 

Weight 

of 

carbon 

Carbon 
as re- 
lated to 
initial 
carbon i 

pH 

0 

Oram 

2. 34 

Percent 
100. 0 

Oram 

Percent 

Oram 

Percent 

Oram 

Percent 

Per cent 
too. 6 

4.4 

8 

2.01 

85.8 

0. 010 

0. 42 

n. 024 


0. 70 


0. 06 

4. 00 

9 

8.6 

4.7 

15 

1.19 

50.9 

.003 

.12 


.044 


1.88 


. 15 

6. 20 

90. (1 

5.2 

22 

.57 

24.2 

0. 008 

,40 


.071 


3. 03 


. 15 

6. 20 

8 

5. 0 

5.8 

29 

.12 

5.0 

.020 

.80 


. 101 


4. 30 


. 17 

7. 90 

8 

h 6 

5.9 
6. 3 

37 

.01 

.3 

.023 

1.00 


. 112 


4. 80 


. 20 

8. 70 

80, 0 

48 

.00 

.0 

.023 

1.00 


. 119 


5. 07 
5. 35 


.11 

4. 48 

77. 0 

6.6 

49 

.00 

.0 

.021 

.87 


. 128 



.12 

4. 70 

72. 0 

6.7 

56 ■ - 

.00 

.0 

.028 

1.15 


. 141 


6. 04 


.13 

f 

30 

70. (I 

6. 7 

60-.. 

,00 

.0 

.023 

1.00 


.143 


6. 10 


.14 

6 00 

70 . (1 

6. 9 










^ Expressed as percentage of the carbon in the glucose originally prescsnt. 


As a further check on the recovery of carbon, an ali([uot of tlu^ (iltra,t(^, 
from the original cultures was analyzed for tot.al cai-bon by tla^ wet 
combustion method. The sum of the carbon in the ahaihol, n^sidiial 
glucose, and lead precipitate was then subtriictfal from this tot.al 
carbon, giving the undetermined, or residual carbon in tlu^ (iltratc. 
A maxinium of 8.7 percent of the original cariion could be ac(‘ounte(l 
for in this way, indicating that a significant a, mount of some organ i(‘. 
compounds, other than ethyl alcohol, whicli arc not [irecJjiitat^Ml by 
lead acetate, is formed by the organism from glucose. The curve for 
the total recovery of carbon in figure 3 includes both, tlui residual 
carbon and the carbon obtained by combustion. 

Table 1 and figure 3 show that ethyl alcohol and carbon dioxide are 
the main products of the metabolism of the organism on glucose, the 
alcohol being produced slowly at first and then more rapidly until tlio 
glucose has been exhausted, when it decreases fairly rapidly. Since 
carbon dioxide production contines to increase after the consumption 
of the glucose, it is evident that Fuearium lycopersici can utilize ethyl 
alcohol for energy and for growth. ^ These facts arc in a,c(‘,ord with the 
resiilts obtained by iVnderson (1) with F. Uni, except tliat the decrease 
m the alcohol, as well as the rate of metabolism for the entire series, is 
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not as rapid as ho found it to be. Anderson^ Kvcu'itt, and Ailanis p>) 
round Ilia i A'. o,nf,^poraoi was able to utilize (dhyl al(‘ohol ns a soiina^ of 
(airbori to only a slight extent. In this eornu'etion tlie reeenl \\oi‘k of 
Lriz (7) should lie mentioned. He found thal F, li/voprnsJri , when 
oTown on a iiHalium (‘<>ritaining 5 percent of prodmuH! aleolud 

rapidly until th(‘ glu<‘ose was exhausted On the id^u'htiamlh day of 
orowtlp when the al(‘ohol was used at a rapid rate until it was hnally 
e\haust<Hl on the thirty-fifth day of growth. Simas in tin' firiNsent 
stiidyj a considerabie amount of alcohol was iin^simt. in (he nKMliuni 
after 60 days’ growth, it is obvious that the raix^ of inetabolisin <d’ tin* 
strain of F. lycurperniei used by him wuis niueh greatm* than that <d' tlu‘ 
strain eni{)loy<Ml in this investigation. However, his niimu'al nutrient 
solution was 10 times as coneentrated HvS the one used in tin' prc^scmt 
work. 

'The haul j>r(a*ipita,te is significant because it is muirly constant, 
although n^prcvsenting only a small fraction of the original (*arhon. 
Kvidently Fu.mrunn iycopersici produces oidy small amounts of organic 
acids, the lead salts of whiel) are insoluhle. Amhu’son (/) also found 
that only small amounts of these aeids W(U*(‘, prod maul by F. Hoi. 

The residual carbon in tire filtrate inercuises ratluu’ ra})idly until tlu‘ 
glucose is {)raeli(‘aliy exhausted, and tium dcHU'tuises. vSinei* this 
decreases is at a somewhat more rapid rati* than tin* eorri*sf)onding 
d<*crcas(*, in ah'oliol and in the total carlum in the filt rate, it is (‘vidiUit 
that the fungus utilizes this carbon more easily than it <ioes c^tliyi 
aleolioL As old (‘ullures have an esterlike odor resemlding iliat of 
apricots, it is possible that this residual (‘arhon is repn'sente.il by some 
organic acids wlu(*h were not doterinimHl by any of tJie metliods used. 

The amount of volatile compounds deterndmed by combustion shows 
a gradual increase dmhig the entire growtli period. The highest value 
was obtained in the last series at 60 days, when 6.1 f)er<'(U\t of the 
original carbon was in this form. At least a part of this carbon may bo 
in the form of volatile acids, since in subsequent ex{)erimeiits a small 
amount of these acitls was found in (j1<1 cultures of the organism. 

The changes in tlu^ pH of the ttiedium with growth are practically 
uniform in all series and the final pH is nearly the same in all series, 
being wcdl within the (q)limmn range for growth. Liiz (7) fomid that 
he could divide the. growth of Fnmnum, lyeopcfnlei iiit.o four stag(\s on 
Hie basis of the pH ehanges during growth, hut no such periods, or 
^'breaks,” in the pH (‘urves were obtained iti this work. Anderson (i ) 
obsc'.rved tha t F. Uni first decreased tlie pi I of tin*, nnulimn and then 
gradually imu'eascul it, the linal value deixaiding on the iiiitial pH of 
the medium. 

QUALITATIVE TESTS FOR ORGANIC ACIDS 

TlH^ filia*at<'. from an S-months-old culture of Fionirrum lycopvtCici 
was distilled from acid solution, and the distillate titrated with 
standard alkali. An amount of volatile aci<l eciui valent to about 4. 6 ml 
of normal a(‘id, or 0,24 g of acetic acid, was obt-aimal. The rc^sidiie 
from the distillation was tested for oxalic acid b,y the usual jircndpita- 
tion as (aileium oxalate. ^ Since there was obtaiTual a whit,(^ pr(*(‘ipitale 
which decolorized {lotassium permanganate in sulfiburic acid solulhm, 
it was concluded that oxalic acid was formed in small amounts, thus 
<a)idinning the findings of Luz (7), A doubtful test f(»r tartaric acid 
was also obtained. 
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COMPOSITION OP MYCELIUM 

The data for the percentage of carbon and of nitrogen in t.he myce- 
lium, calculated on the dry weight of inycelinni, are gi\am in the 
cohnmi headed ^^Myceliiim^^ in table 1. There is a teiKhmcy for the 
carbon content of ‘ the mycelium to decrease with a. cluinge 
exactly opposite to that found for Fusarium Uni (i) and fo!- F. oxys- 
porum (3). 

In general, the nitrogen in the mycelium tends to dcyoxaise slightly 
with age, indicating that old cultures contain less active prol.ophtsm 
than fresh cultures. These results agree with those obtained for 
Fusarium Uni (1) . 

Carbohydrates contain about 40 percent of carbon, proteins 51 
to 55 percent, and a typical fat such as tristearin 76.87 percent. 
During'the first 43 days of growth the carbon content of the inycernim 
ranged from 45.62 to 48.56 percent. During the final stages of growth 
the carbon content of the mycelium dropped to between 40.00 and 
42.67 percent. Since the percentage of nitrogen in the luycadiurn 
decreased together with the percentage of carbon it appeal's that the 
cai'bohydrate content of the mycelium was increasing with age. 
There was no evidence of fat formation, as was the case with Fusarmni 
Uni {1) and F. oxysporum (3). 

RATIO OF PRODUCTS OF METABOLISM TO ONE ANOTHER AND TO 
THE GLUCOSE CONSUMED 

Various coefficients and equivalents have been introduced into the 
literature to express the relationships existing among the products of 
metabolism and the compounds consumed by a fungus. A number of 
these ratios have been calculated for each series of experiments in 
the present investigation ; the ones for the last series are presented in 
table 2. To avoid confusion, the exact meaning of each ratio is 
given at the top of each column. 

The respiration coefficient represents the grains of carbon dioxide 
produced per gram of dry mycelium. There is an increase in this 
ratio with age up to a certain point, and then a slight decrea,se, this 
point usnally coinciding with the exhaustion of the glucose a, ml the 
beginning of the utilization of ethyl alcohol. Evidently Fuxarium 
lycopersiei is able to use ethyl alcohol bettor for my(‘eliuin building 
than as a source of energy, F. Uni (1) and F. oxip^poram (3) showed 
a steady increase in this ratio; 


Tablk 2. — Qua7iMiativ0 relutionshipB existing hetioeen the variouH mdabolic products 
of Fusarium ly coper sici when grcmn on a glucose ni(diu'm 


-Age of 
culture 
(days) 

Respiration 

coofTicient: 

Weight of CO 2 
Weight of 
mycelium 

Economic 

coefDciont: 

Weight of sugar 
consumed 
weight of 
mycelium 

Respiration 

equivalent: 

Carbon of 
CO 2 XIOO 
carbon 
consumed 

Plastic 

equivahmfc; 

Carbon of 
mycelium X 100 
carbon of glucose 
consumed 

Alcohol 

Of lui valent: 

Carbon of 
alcohol X 100 
Carbon of glu- 
cose consumed 

Carbon of 
alcohol 
Carbon of 
CO 2 

8 

! 2. 08 

6.83 

20.60 

24.72 

22. 70 

1. 10 

15-.... 

i 3.39 

12. 46 

18.50 

9.57 

32. 49 

1.76 

22 1 

4.07 

14.42 

19.25 

7. 92 

40. 20 

2. 09 

29 J 

4. 72 

10.02 1 

20,10, 

7. 59 

40. 70 

2.00 

37- 

4.83 

15. 23 

21, 50 

7.50 

.'15. 40 

1. 64 

43 ' 

.5. 22 

15. 19 

23.40 

7. 54 

3.5. 9,5 

1. 53 

49 j 

6.88 

17. 15 

■ ■ 23,37 

0.11 

.'10. 1,5 

1. 29 

66 

6. 76 j 

16. 00 

24.52 

6.22 

27. 48 

1,12 


5. 77 

16. 04 

1 24.00 

0.66 

26. 17 

1, 07 
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Similar (‘liaii^'cs take place in the ecoiuxinic ccx'flicicmt, whicli is 
the amount of ea,r()oii source required to make 1 g of drj mycelium, 
tlio ra.tio increasing to a inaxiinum and then dccn^asing as tlu^ fungus 
clnuigx'S from glucose to alcohol as a building inater*iaJ. Fas^iriani fini 
(i) showed similar changes, but the niaximuni value was only Ifkl, 
as coiui)ared with 17.15 in the case of F. li/eopensirL Kviderd ly Ihe 
former organism uses carbon sources more o/Rciently tluin tlu‘. hitter. 
That yoimg mycelium is more efficient in sugar consumption than 
older inyceliuin is illustrated by the low value obtained in every ease 
for the iirst growth period, usually a week or 10 days. 

As would be expected, the percentage of the carbon coiisunied that 
is transformed into carbon dioxide, or the respiration equivalent, 
increases with age during the growth of the fungus, since ethyl 
alcohol is used as a source of energy after the glucose has disappeared. 

The plastic equivalent is really the reciprocal of the economic 
coefficient, since it represents the percentage of the glucose consumed 
that is converted into mycelium. As would be expected, it shows 
reciprocal changes, decreasing with age until the glucose is entirely 
used, and then increasing sliglitly. These changes also tend to show 
that etliyl alcohol is used somewhat more efficiently than glucose for 
mycelium production . 

Tlie alcoiiol equivalent is the percentage of glucose eonsuined that 
is converted into ethyl oleohol. The changes in this ratio show that 
Fusariurn lyeopersici utilizes ethyl alcohol after it has used all the. 
glucose, since the values increase until the point at which tlie glucose 
is exliausted is reached, after wliich they decrease markedly. 

In the last column of table 2 the ratio of the carbon in alcohol to 
the carbon in carbon dioxide is given. In a tj^pical alcoholic fermen- 
tation the ratio of carbon in alcohol to carbon in CO 2 is 2:1. Table 2 
shows that th(*. experimentally determined ratio approaches very 
closely tiic tlieoretical, and is exactly 2.00 on the day of maximum 
alcoiiol ])r()duction. Because of the utilization of the alcohol by the 
fungus, the ratio decreases to 1.07:1 on tlie sixtieth day of growth, 
indicating that about 25 jicrcent of the alcohol is (iiangiMl into carbon 
dioxide. The a,(‘tua,l decuease in alcohol is over 30 fiercent, the 
difference being accountiHl for by the growth of the mycelium. 

UTILIZATION OF ETHYL ALCJOHOL 

Since Fvsarium lyeopersici utilizes the ethyl alcohol whi(di it pro- 
duces from glucose, the cfrcct on the growth of the fungus of various 
con(‘-cntrations of ethyl alcohol, both alone and in th(^> iiresence of the 
same concentration of glucose that was used in tin's preceding work, 
was studied. Two series of 26 flasks each were used, each flask in 
one scries (*ontaining 100 ml of mineral nutrient medium witliout 
glucose, and each flask in the other series containing the same 
amount of medium with enough glucose added to make an approxi- 
mately 2-perccnt glucose solution. The exact amount of glucose 
was not determined, but was assumed to be the same in all flasks con- 
taining it, since tlie medium for each flask was measured from one large 
lot. To 24 flasks from each series, amounts of 95 percent ethyl 
alcohol varying from 0.2 to 6.0 ml were added after Bterilization. 
Two flasks were used as controls, no alcohol being added. After 10 
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days growth, tlie mycelium was removed by filtration and dried to 
constant weight at 100*^ C. The results are presented in figure 4. 

In low concentrations, ethyl alcohol is a good source of carbon for 
Fusarium lycopersici. The fungus will grow slightly, even in concen- 
trations as high as 4.90 g per 100 ml of solution. _ That maxiiniim 
growth occurred at a concentration of 0.41 g per 100 ml is sigxuficaint^^ 
as the maximum amount of alcohol produced by the fungus in any of 
the studies of the glucose metabolism was O.sy g per 1()0 ml. Idie 

limiting value for nuixi- 


mum growth is apparently 
between these two figures. 
These results compare fa- 
vorably with those of 
Anderson (f ), who obtained 
maximum growth, of F. Uni 
at an alcohol concentration 
of 0.38 g per 100 ml. A 
concentration of 3.59 g per 
100 ml, however, inhibited 
completely the growth of 
this organism. 

As was expected, growth 
was generally heavier in the 
flasks containing glucose in 
addition to alcoliol, altliougli 
the two growth curves tend 
to p a r a 1 1 e 1 e a c h ^ o ther . 
That low concentrations of 
alcohol have a stimulating 
effect on the growth of the fungus on glucose is evidenced by 
the fact that the weight of mj^celium produced on the solution con- 
taining 0,16 g of alcohol is significantly greater than tluit on the 
glucose solution alone. As the amount of alcohol imunases, however, 
the weight of mycelium decreases until, at a conc.entratioTi of 4.90 g 
per 100 ml, less mycelium is produced than on a solution (‘.ontaining 
4,08 g of alcohol and no glucose. 



ALCOHOL ADDED TO 100 ML OF MEDIUM (ML) 

Figure 4.— Mycelium production on various concentrations 
of ethyl alcohol, with and without glucose. 


DISCUSSION OF RESULTS 

Fusarium lycopersici is as tolerant to exti’emes of Iiy<]r()gen- and 
hydroxyl-ion concentration F. Uni, and the optimum pi f Value for 
growth is practically the same for both organisms. F. lycopersici is 
apparently better able to change the pH of strongly acidic solutions 
toward the optimum, value than is F. Uni. In view of the ability of 
the organism to grow over such a wide ran^ of pH values, it would 
not appear feasible to attempt to control the rwanum wilt of tomatoes 
by adjusting the pH of the soil, although Sherwood (f^) found that 
there was a greater percentage of infection of tomato seedlings by the 
fungus in acid soils. 

The results of the work on the carbon metabolism of Fusarium 
lycopersici on glucose indicate that this organism produces, in addition 
to ethyl alcohol and carbon dioxide, appreciable ((uantitiew of volatile 
and nonvolatile compounds, part of which was detenuined by new 
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nietliods. Because of tJie strildng e-sterlike odor of oid (adtiires^, ii. is 
tlioiiglit tiiat: fatty acids comprise an appre(da.l)le portion of tlieso 
conipoiindSj altliongh attempts to identify these acids werc^ 'inisn<‘C(\ssf uL 

The production of thewSe compounds is an essenliai ])oint of distiuc-' 
tion between this organism and Fusarmm Uni and b\ orysporum, ^ In, 
the work with these last two fungi over 90 penavnt of die original 
carbon could be accounted for in the ethyl alc.ohob (‘arlion dioxidi^.^ 
and mycelium, whereas in the present study the maximum perciud.agc 
of the origina,! glucose that could be recovered in the form of these 
three products was less than 70 percent. This difference in the per- 
centage recovery probably is due to actual differences indhe biological 
characteristics of the organisms and not to faulty technique. 

Another biochemical difference between tlie three species of Fusaria 
under discussion appears in the carbon content of old mycelia. In 
Fusarium lycopersici the carbon content of the mycelium approaches 
that of a carbohydrate, whereas with F, Uni and F. oxysporum there 
is an indication of fat deposition with age. 

The course of the alcoholic fermentation caused by Fusarium 
lycopersici is practically tlie same as that of F. lini and of F. oxysporum, 
alcohol and carbon dioxide being produced in approximately the same 
proportions by all tliree fungi. The amount of alcohol produced by 
F, lycopersici, bowever, was somewhat less than that produced by the 
other two organisms. The maximum quantity obtained in this wuirk 
was 1.7 g, as compared with 2.1 to 2.2 g in the other investigations. ^ 

No attempts were made to discover the substances that are toxic 
to tomato plants. ^ It does not seem likely, however, that the organism 
produces alcohol in sufficient quantity to account for its wilting effect, 
as the maximum concentration obtained in these studies was 0.57 g 
per 100 ml, and Luz (7) found that tomato plants were not wilted 
when placed in alcohol solutions containing 2 g per 100 ml. White 
(17) found that tomato cuttings were not wilted by concentrations 
of alcohol up to 4 percent by volume, but that the low molecular 
weight fatty acids and oxalic acid were highly toxic in concentrations 
of only 0.06 percent. Concentrations of alcohol of 4 percent or jnore 
inhibited the growth of the fungus, even in the presence of glucose, 
which is ])resuinal)ly an easily assimilahle form of Ciirbon; hence it is 
not likely tluit the coricentration of alcohol in tli(^ tissue's of the 
infected pla,nt would become great enougli to ca,use wilting and death 
of the plant. 

SUMMARY . 

Fusarmm iy coper siei, the organism which causes toma-to wilt, is 
not sensitive to extremes of ,lyydrogeu-ion and hydroxyl-ion coikhui- 
tration. It will grow on artifiVial media at pH values between 1.88 
and 1 1.06. 

The range for good growth is also wide, extctiding from pH 2.0 
'to pH 9 .: 5 ." ■ ' 

The organism sliows a decided tendency to change the pH of both 
acid and alkaline media toward the optirmim value, the final pH in 
five cases varying only between pH 4.26 and pH 4.95. 

The princi|)al products of the metabolism of the orga-nism on glucose 
are carbon dioxide a,ud ethyl alcohol, but considerable quantities of 
other compounds, presumably volatile and nonvolatile organic acids, 
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are formed as 'well. Some of the carbon in these unknown coinpounds 
was determined by means of new procedures. 

The ratio of the carbon in alcohol ' to carbon in carbon dioxide is 
very nearly that required by the equation for a typical yeast fer- 
mentation. Because of the consumption of the alcohol by the fungus 
during, the later periods of growth, however, this ratio gradually 
decreases with the age of the culture. 

Fusarium lyeopersici definitely uses the ethyl alcohol that it produces 
for energy and growth as soon as the glucose in the solution lias 
been exhausted. That it tises the alcohol somewhat more efficiently 
than the glucose is evidenced by the slow decrease in the plastic equiv- 
alent while the organism is using glucose and the sudden increase in 
this ratio when alcohol becomes the carbon source. 

Ethyl alcohol will serve as the sole carbon source for Fusarium 
lycopersicij maximum growth being obtained on a coiicentration of 
alcohol approximating the niaximum amount produced by the fungus 
on a glucose medium. Concentrations of alcoho] of 4 percent by 
volume or more seriously inhibited the growth of the fungus. A small 
amount of alcohol (0.2 percent) stimulated inyceliurn production on 
a glucose medium, whereas concentrations of 5 percent by volume 
or more inhibited growth. 
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